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ABSTRACT '
Theﬁinstructlonal uﬂits and related materlals in this

gulde are designed tb assist in the preparation of course /of -
study/instruction in (1) power mechanics spee:flcally, ¢2) power:
mechanics uhlch serve as 1ntroductory courses in other areas of
industrial <, and (3) automotive ‘mecharnics which also cover the
broader aspects of power mechanigs. Each unit presents a broad
coverage of the topic indicated by its title, covers.the scientific

-~ principle involved, suggests methods qf applications of the techn1cal
and scientific information, and lists ‘selected references to further
technical and scientific information. These references are-keyed by

numbers jn rparentheses to the complete list of selected referenges at

the end. There are 40 units pré&sented under seven section headings:
(1) Natural Power (muscle power, waterwheels, windmills, heat
«collectors, and solar stills); (2) Mechanical Power (s1mp1e nd N
ound machines, lnbrlcatlon, springs, clutches, and dynamoneters),
(3) Steam Power (steam engines and turbines), (4) Thermal Power
~energy rate forming, powder-actuated tools, jet and rocket
“engines, gasollne testing, carburetion, two- and four-cycle engines,
wankel engines, thermostats, and welding processes), (5) Electrical
Power (dry cells: primary cells, storage batteries: secondary cells,
generation cf ‘electricity, transmission of electric. power,
transformers, spark plu%ﬁ, ignition systems, electric motors, fuel
cells, photoelectric cells, and semiconductor power rectifiers), (6)
Hydraulic Power (jacks. and presSes, machine tools, braking systenms,
fuel pumps, power steering, and air conditioner's), and (7) Pneumatic
Power (air-powered tools, Spray gumns, and vacuum pumps). Appendix A -
presents a. relatlvely brief ‘coursefoutline for industrial arts. poxer
mechanics, and appendix B a comprehensive course outline for : PN
industrial arts autohotlge mechanics. Appendix C contains termlnology

on the storage kattery. Appendlx D is asslgnment heets. (JT) .
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- great value.in the deyelopment of power mechanics coyrses with ‘the breadth and depth of-

elements of power mechanics.

w . ! N . ’ . N

.. - FOREWORD

Courses _in- industrial arts power mechanics are designed to provide opportunities for
students to make applied use of technical information and scientific principles pertaining to
power, energy, and force. Students are thus given the types of experiences that will make
their knowledge 6f technical and scientific information, meaningful and useful to them and
that will cause them to acquire and use proficiently the skills involved in industrial arts

power mechanics. These .achievements will in turn intensify the students’ interest in

industrial arts, science, and technology. e L '
Two studies conducted by the California State Department of Education were concerned

with the scientific content in ‘automotive/power mechanics courses offered by California

high schools. These studies_produced information that was ysed to, develq’p instructional |

material for the industrial arts.area of power mechanics. This information was used by
members of the NDEA Industrial,Arts-Science Curriculum Committee and the NDEA
Industrial Arts-Science . Editorial Committee during workshops conducted” under the
provisions of the National Defense Education Act in the preparation ofth,? material for an

* .:experimental edition of Industrial Arts Power Méchanics.

Ed

A copy of the experimental edition of Industrial A.rts Power Mécha_nics'aﬂd 'a‘

questionnaire were sent to each automotive/power mechanics teacher in the high «hools of

Galiforriia and to selected industrial arts leaders in other states. The educators were 1sved to .-

review the publication and complete and return the questionnaires. Suggested changes : sted
in the returned questionnaires ‘were used in revising the material presentéd in the
experimental edition.. . , T '

he instructional units-in -this publication provide a sound basis for the preparation of-
coilyses of study/instruction_in (1) power mechanics per se; (2) power mechanics which
servé as ‘introductory courses to-industrial arts automotive mechanics; e‘\lectronics, and
metals in grades nine through twelve; and (3) autontotive mechanics which make use of the
. , < : o

"1 am certain ‘that the, infoxmatiori" preée"nted iff Industrial Arts Pawer Mechanics will be of

content that is needéd and %t which sound, efficient, and effective instructional’proced‘ures
are emphasized, . . Lo ' . : '
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NDEA COMMITTEES

NDEA lndustrlaL Arts- Sclenoe Cumeulum Commlttee

The spacialists in, autor?étlve/power mechanics from the ten California colleges with -
accredited industrial arts teacher-education programs .and the teachers, super‘\\/lsors and
teacher educators who prepared the instructional units for Industrial Arts Power Mechanics

- during a work session held at Fresno State College, December 19-23, 1966, are as follows

-Leslie L. Aldl’lCh Fresno State College; John C. Davns (retlred) Fresno City Unified

- School District; Raymond E. Fausel, California State. College "at Lqs Angeles; Frank J. 5
Irgang; San.Diego State College Richard E. Johnston; Washington High School, Fremont
_ (formerly.at -Chico State College); Frank H. Jolly, Humboidt State College, Arcata; Mark
Jones, Tustin Union High School District; AngusJ. MacDonald, San Jose State College: Ted .
A. McCoy, Hant‘ord High School: Burton A. Pontynen, Pacific Union College. Angwin;
Ernest J."Rawson, California State College at Long Beach; James E. Rice, California State.
Polytechmc College, San Luis Obispo; Frank E: chroeter Fresno State College and Gerald

" Valente, formerly at‘San Francnsco State College. :

Y

NDEA lndustrlal Artsﬁclen Edltonal Compmittee . ‘

The members of the teams of specialists in science and. specnaln§ts in industrial arts who, at
work sessions in Los Angeles, Sacramento, and San Diega, on December 18-22, 1967, edited
and augmented the material for- Industrial Arts, Power Mechanics prepared by the NDEA
lndustrml Arts-Scnence Curriculum Committee, are as follows:

- O. Bruce,\Akers Burbank Unified School District; Ralph C. Bohn, San Jose State College;

Joseph E. Freeland. Sacramento City Unified School District; Serafirio L. Giuliani, San

. Diego City. Umfled School District; Harold L. Marsters, San Diego State Cdllege; Richard L.

* Miller- (retlred) Los Angeles Unified School District; Jack E. Reynolds, Sacramento City

Unified School District; William B. Steinberg, San Diego City Unified School District; and
David O. Taxis, Office of the Los Angeles County Superintendent of Schoolsh
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.  PREFACE ., B

* »

¢

results’ of two studies, a 'series of work sessioffs, and an evalyation 6§ an ex erimehtal

edition; T e N S .2)/9 ‘

. Members of the Central California Automotive Technical Gommittee, Wh prepared the
material for the experimental gdition of Industrial Art&,ﬂd’tb’?notive. {l/!echa/rziés which was

_published by the California Stite “Department ~of Education in 1964, requested the
Departnfent to. conduct a study to determiné the extent to which scientific principles are
being. applied in present industriat arts automotive/power 1.icchanics courses and the ways in
which these principles can be applied to a greater extent in al courses in this area of
i(ndus_trigll@arts. The Department tesponded'by conducting two studies, one in 1964 and the
other iri 1965. - e v -

The first study~whs conducted by having teachers of automotive/power mechanics in the
high schools of California complete a gUestionnﬁire that was designed to secure, their
reactions to .the way in ‘which scientific principles were employed in Industrial Arts

- Automotive Mechanics. All the automotive/power mechanics teachers who responded
favcfrcd the covering of applicable %cientifie principles in the automotive publication. The
second study was conducted by having teachers of automotive/power mechanics in the fiigh
schools of California complete a questionnaire that was designed to report if the teachers

.” applied a given set of scientific principles in their courses and, if so, how. In both studies
the teachers-indicated a need for curriculum material that would set forth ways of applying
scientific principles and provide, instructional units covering the broader area of power
mechanics. * . : ,

A series of work sessions for the development of instructional material in industrial arts

- power mechanics which would apply ;scientific- principles relating to power, energy, and
force was financed by funds provided under provisions of Title III of the National Defense

Education Act. . ‘
The first work session was held at Fresno State College ‘on IZ;c’e&qber 19-23, 1966.
Specialists in automotive/power mechanics from jthe ten colle; in California with,

accredited industrial arts teacher-education programs were assisted by supervisors and

Industrial Arts Power Mechanics presents,a ? of instructional unjts derived” from{The’

<

representatives; of the Centra] California Automotive Technical Committee in preparing .

instructional uhits in power mechanics. These participants, listed as members of the NDEA
Industrial Arts-Science Curriculum Committee in this publication, used the data obtained’
from the two studies, information presented 4n  the California State Department of
Education publications Industrial Arts and Science and Mathematics and Industrial Arts
Education, and science textbooks used in the school systems located near the ten colleges
represented at the work session to develop the instructional material.- o
Additional work sessions were held in Los Angeles, Sacfamento, and San Diego on
December 18:22, 1967, to augment and edit the power mechanics material developed at-the
Fresno State College work session. Each work-session team was composéd of a-specialist in
science, a specialist in automotive/power mechanics, and a sbecialist in industrial arts. The
participants in’ these work sessions are listed as members' of the NDEA Industrial
Arts-Science Editorial Committee in this publication, IR '
Copies of the experimental edition of In
* for evaluating the publication were disri

uted in September, 1968, to automotive/power

v

dustrial Arts Power Mechanics and questio nnaires)

.
*
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mechamcs teach'&rs and 1ndus jal arts supervisors and teacher educators in California and to

selected industrial arts teachérssand supervisors in other states. Those who-evaluated the

experimental edition and responded to the quéstlonnalre became members of the National-

Power Mechanics* Review Committee. Changes suggested by them were taken into

~ consideration“n revising the material.
“The NDEA project was coordinated by Robert L. Woodward and Norman L. Myers,
Consultants in Industrial Arts Educafion, California State Department of Education.

The education- profession in California, and particularly those fnembers working'in the-

area -of industrial arts automotive/power mechanics, are greatly indebted to-all the teachers,
supetvisors, and teacher educators who participated in the work sessions and studies Wthh
resulted in Industrial Arts Power Mechanics..
Industrial Arts Power Mechanics should be of mvaluable assistance in the preparation of
_detailed courses of study/instruction in power mechanics, in the revision; of present courses
of study/mstruc'hon in"automotive mechanics, and in the 1mproveme?1t of instruction- in
' thfomla Jumor high schoors and high schools

&

MITCHELL L. VQYDAT
. Chief, Bureau of Elementary
and Secondary Education

J. WILLIAM MAY S ,
Acting Chief, ’ ’
Division of Instruction

-
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CALIFORNIA’S INDUSTRIAL ARTS PROGRAM

The industrial arts program in California schools
is an integral part of-the total program of edu-
cation and is designed Specifically to Ilelp-prepare

studegts to meet the requirements of an industrial-. |
“, technotogical
involves study, experimentation, and .yplication, .
_student

culture. In this prozr . which
earn through participation in dctivities in
whic ey use industrial-technical tools; machines,
materials, and processes, as well as English; mathe-
matics, science, -and social sciences, in solving
meaningful problet:s. o : .
The four major purposes of industrial arts are to
provide Opportunity for each student to develop
(1) insight and understanding of industry and itg,
place in ouf society; (2) talent in industrial-
technical fields; (39 problem-solving ability related
to thé magerials, processes, and products of indus-

try; and (4) skill in the proficient and safe use of¥

togls and machines. These purposes are furthered
by a program in which emphasis is placed on
helping students acquire she knowledge and skills

basic to many careers.

" In kindergarten and grades one through .six', the
ihdustrial arts program furthers the established

educational objectives and enriches the experiences

pupils have in zlittaining' such objectives. The
industrial .arts uctivitiqs employed for this purpose
emphasize’ planning: aml construction that is

‘required in Jneeting needs that arise as the pupils

participate in experiences relating to nglish, math--

" ematics, science, and social sciences. The regular

classroom teacher has responsibility for conducting
the elementary school industrial arts program.

In grades seven and eight of elementary schools
ands grades seven,'eight, and nine' of junior high
schools, the industrial arts program is an integral

. and often required part of the total program of

education for all youth. Sftﬁdqnts are “usually

- guided through a series of introductory experiences

in a variety of industrial arts areas. Included in the "
program are. courses Which provide instruction'in

‘the broad arcas of drafting, electricity/electronics,

- crafts,

. ence

graphic y arts, industrial crafts, metals, power
mechanics, and woods. In a large school each. of
these afeas of instruction is often taught in a

differerit shop/laboratory; in a small school, several

are taught in one shop/laboratory ! In each instance
the courses are taught by teachers with special
préparation 4n the field of industrial arts and in

~specially designed -and equipped facilities. In" these.

grades emphasis and attentien are given to helping

students discover and further their aptitudes, abil--

ities, and .interests. Provision is made for students
to acquire a variety of skills and to profit from
= participation in creative activities. :

In grades nine through twelve and ten\through
twelve, the industTial arts program provides oppor-
tunity fqr the high school student, regardless.af his
major,, to chobse the industrial arts courses he
believes will be of the greatest-value to him in

_ gétaining the goal he is seeking. Included in the

program are elective courses which pgovide in-
struction in the broad areas of automotive mechan-
ics, \drafting, electronics, graphic arts, industrial
metals; photography, - plastics, power
mechanics, and woods. These courses are talight by
teachers with special preparation in the field of
industrial arts and in specially designed and

- equjpped facilities. The advanced techniques devel-

oped in- these courses approach ' the procedures
used in industry. At this level emphasis is given to
practices and -requirements of’ gecudations .and
‘professions relating to each industrial arts area.
Challenging opportunities are provided for scientif-

ically and mathematically ofiented students to.

work and experiment with new materials, pro-
.cessgs, jdeas, and designs. ¢
lél "'lé,dgé“‘"and skills acquired and the experi-
vined in’the industriat arts program assist
individuals: to¥select careers wisely and to partic
ipate successfully in programs of education and
training offered by institutions of higher learning,
industry, and government which provide further
preparation needed for the chosen carecrs.
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Industrial Arts Power Mechamcs is designed to
- apply scientific principles relating to. power
energy, and force. The words power, energy, and
force often Have different meanings when used in
everyday langdage than when used -in a -scientific
sense. In a scientific sense these words are detmed
as follows

. Power is the time tate of doing work.
® FEnergy is the capacity to do work.
® Force is a push or a pull.

Industrial arts power mechanics is the study of
the gener 1 and conversion of energy to power
and the “transmission, control, and use of this
power. Power méchanics mcludes the study of(l)
the development of power for industrial and home
use; (2) the control and measurement of power; (3\)
the transmission of *power through mechanical,
fluid, and electrical means; and (4) the<use of
power to accomplish work.

Each unit In Imdustrial Arts Power Mechanics
presents a broad coverage of the topic indicated by
its title,. covers the scientific prmcrple involved,
suggests methods’ of applu.atlon of the technical

-

and scientific information, and lists selected refer-

ences to further technical and scientific informa-
tion. These references are keyed by numbers in
parentheses to
- references immediately preceding the appendices.
The page numbers listed after each k@Yed number

give further dlrectlon,for'locatmg pertifient infor-

mation.

Appendix: A of this publication presents a
relatively brief course outline for mdustr}al arts
power mechanics;. Appendix B presents a compre-
hensive course ou}lme for industrial arts automo-
tive mechanics. The outline on power mechanics is
keyed to the instructional units contained in the

~otext and to certain sections of the automotive

* selective coverage of many sources _o

‘the complete list of selected

INTRODUCTION .

mechanics outline. Appendix C contains terminol-
ogy on the storage battery\and Appendlx D
contains assignment sheets. ,
One of the purposes of Industrial Arts Power
Mechahics is to assist in the preparation of courses
of study/mstructron in (1) power mechanics .
specrflcally, (2) pg&er mechanics which serve-as
introductory courses in other areas of industrial
atts; and (3) automotive mechanics which . also
cover the broader fspects of Ypower mechanics.
Another purpose i8 to demonstrate the inter-
relationships of the instructional content ndus—
trial arts power mechanics with that of science. &
Courses in power mechanics provide an instruc-
tional program that is much broader in content
thin the conventional automotive mechanics

courses. In fact, power mechanics £mploys a
‘ergy and
their application. L .

Knowledge and skills relatmg to power mechan-
ics may be used in grades seven and eight to
augment courses in-othewr areas of industrial arts;
however, it is recommended that coufses in power
mechanics not be provided below grade -nine.
Introductory courses in power mechanics may be
offered in grade nine of junior high schools or
four-year high_schools. It is recommended that
courses in power mechanics be provided at the high
school level. Power mechanics may be offered at
the high school level as an introduction to courses
in_the indUstrial arts areas of autémotive rpechan- _
ics, elegtronics, and metals.

“ Today’s industrial technology requires knowl-
edge and skills that are not adequately covered in
conventional automotive mechanics courses. It.is

- recommended that these.conventional courses be

more selective in content relating to automotive
mechanics and include the broader aspects of
power mechanics. )

11



Unlt 1 — MUSCLE POWER -

Y. "

The only power ayailable to primitive man was
his own .muscle. This muscle power made it
possible for him«to travel, seek food, make simple
tools, and fight his enemies. The lever was used by

man during this early period. However, relatively |
_great. sources of power were ayailable only when
the muscles 6f many -men were brought to bear

upon a single object. Later, other simple machines
were used by man to muitiply his muscle power. |

These were the wheel and pulley, the inclined

plane, the wedge, and the screw. (Refer to Unit 6,

o “Simple and Compound Machines.”)

When man legrned to domesticate and harness
animals, another ‘source of muscle power became
available. However, human and animal muscles
applied to simple machines limited man’s poweft
output. This limitation made it necessary for him
to-seek other sources of energy. Among the sources

of energy to be cglployed'*were water and wind, ~

‘which ‘were used to turn waterwheels and wind-
mills. Today, many, sources of energy are used by
man. Even though modern man has cOuntless
labgr-saving devices and makes use of many sources-
of joower, he still depends on muscle power for a
great number of daily activities. T
It should be understood that simple ‘machines”

are deviges to increast man’s strength (muscle). -

~.12 T ,- . | .

-

3

SECTION |
.NATURAL OWER

El-owever, such machines- cannot increase man
“hbility to do work, which is defined as the prodyct
of the force:and the distanceythrough -which it
moves. Machines merely allow the trade of dist
for “quick” forcé. For example, the wrenc used
‘to loosen a nut-is'a form of lekr.

stuck tightly, it gnay beinécessary?

wrench to increase the leverage. Ac \ally, the work

accomplished is not reduced, because the wrench

handle is moved a longer distande than the nut

moves. The same amount of work has ljeen done,-
but in a different, more gradual manner. Eitler
speed can be sacrificed to gain force, or force can
- be sacrificed~ to gain speed. '

use ‘force is
required to move the parts of achine and to
overcome friction in the machine, the actual
mechaiiical advantage is never as great as the
theoretical mechanical advantage. Thus the effi-
ciency of Lg\}nachine is always less than 100
percent. _ ’ 2 <

, -

Scientific Principles Involved: . "3

Work, Power, Energy, Force
In everyday langugge the term work is used to

describe any activity in whicly muscular or mental-

effort is exerted. In a scientific sense, howeyer,

e nut is.
0 use a longer

work has a very if)ecial meaning:” Work is done .

N
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 when a force actson matter and changes’its mot)on

" always push or bixll an object. Some combinations

hen force moves an«ob/ect against an opposing -

force No matter how, long a 50-pound load’is Reld
.ona persOn s shoulder work is not being done in a

o scientific sense; tMe upward force that.is exerted is
nerely counte’ractqng the downward force of the

load. Work i8 done in a scientific sense when the
* load-is raised to the’ shoulder when it is carried up
a fllght» of stairs, or when it is dragged acress the
floor. In these casés a force'is exerted which moves

of forces just balafice each other; as a result, the

; body on which they.act remains stationary. There-

Tv;hich produces or preyents motion or has”a
n . .

the object. Expressed in an equation, work (in -

. footpounds) = force (in pounds) X distance (in

ot)

Like the term work, the term power has a
scientific®meaning that differs from its everyday
meanings. When it is said that a person has great
power, it usually means that the person has great
strength: or wields great authonty In a scientific
sense, however, power is the time rate of doing
work. A map does the same amount-of work

-~ whether he climbs a flight of stairs in one minute

or in one hour” but he does riot use the same
« amount of power. .

Matter acqulres energy when .work is done
against avvfy in raising‘ matter to an elevated
position ‘or when work is done to set matter in

~ motion. The energy this acquired can be used to

do work. In mechanics there are two kinds*of
enfgy, kinetic empergy and potential energy.
KMetic energy is energy due to motion of a mass.
A moving automobile, a bullet leaving the fuzzle _
of a gun, a a spinning flywheel, a rolling ball, and
falling or runmng water all possess kinetic energy.
Potential energy is stored energy. The water
impounded behind a dam has potential eQergy.
This energy becomes kinetic when it is used to turn
a waterwheel or turbine. The coiled mainspring of
a watch 'has, potential energy because work was
done in windin
kinetic as the spring unwinds.

‘Force is directly related to work and energy.
Force\is a push or a pull. Howewgr, forces do not

it. Its potential energy becomes
N

-(9), pp. 80, 48687 (13), pp. 58-64; (16)

fore, force is.more completely defined as that

-~

e dency'to doso.

Al

2l Appllcatwn of Principles -

1. A bidycle" dynamometer can be made to
~ illustrate the use of muscle power to produce
electric power. The bicycle is held upright by

- a front-wheel block and balancing supports on
each side o e rear-wheel axle. Two rollers
(approximately four inches in diameter) are

. placed under the Tear-wheel of the bicycle.

" The front roller is the idle¥, and the rear roller, '
is the driver. A pulley wh el is attachedvto u

_driver roller. A belt from ulley wheel 1sY.
“placed- around the pulley whee
mobile alternator with a variable field control.
(The pulley selected should “permit about
1,000 revolutions per minute.} All supports of
parts should be attached to a plywood base/
floor. The generated current is fed to a
12-volt storage battery fo} stabilizing voltage.
A bank of lights or other electrical load can
be employed to use up the electricity pro-
duced by the alternator. Meter readings can
be made and horsepower computed. .

2. Simple machines among the tools and
machines in a facility 'can be identified and
demonstrated by students. (Refer to Unit 6,
**Simple and Compound Machines.”)

3
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Unit 2 — WATERWHEEL

4

The waterwheel, sometimes‘ called a gravity
wheel, is a simple mechanical device to convert
water power to mechanical power (rotary motion)
against a resistance at the axle of the wheel. The

three general types of waterwheels are the under-

{

f

13

-

shot wheel! the overshot wheel, and the breast
wheel. The undershot wheel was one of the first
engines designed.to do work. It was introduced
over 2,000 years ago by the Egyptidfis and the
Persians. Undershot waterwheels are made so that

. 148;-
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when the paddlés at the bottom of the wheel are

dipped into a stream or river, the current of water
. aexerts a force against the paddles and turns the
.wheel. Overshot.wheels make use of water that-is
directed at the top of the wheel on the downward
side. t waterwheels, which are similar to the
undershot wheels, are rotated’ by directing water
above the center of the wheel on the downward
side. The early waterwheels were_constructed -of

Renaissance. ° W
With t

wood; i:&)‘n parts became common during the -

e introduction of hydraulic turbines in

-

"..the early part of thewnineteenth century, the.
importance of waterwheels decreased. Today, they

are limited to small power plants. |

The modern water turbine has a wheel or rotor
with a series of blades of\yanes. Instead of being
placed in an open stream or river, these rotors are
enclosed in a housing. Water under . pressure is
directed to them through pipes and nozzles.
Usually, the pressure of the water is built up- by
damming'a water source.

Scientific Principle Involved:
Water Pressure

At sea level the pressure of air from all direc-
tions is 14.7 pounds per square.inch (psi). Water
also has pressure. For about every 34 feet below
the surface of water, the pressure is multiplied by
14,7 pounds per square inch (the amount of
pressure at the surface). The pressure of deep water
must be taken into consideration when designing
huge dams. The thickness of the base and the

strength of the concrete must be such that they.

will withstand the pressure of the water, held back.

~

It is this water pressure that turns the rotors of the
water turbines found in the electrical power plants
. * locatéd at the base of dams.

-

- . b ;
“The force of the water strikes against the paddes at.
the bottom of the utfershot waterwheel (left) and at
the top on the downward side of the overshot
waterwheel (right). .-

+
<

Application of Principle

I.A model waterwheel can be constructed.
- Water conductea\g{i ‘tube from a faucet can
be directed on théblades of the waterwheel

to demonstrate the three types of wheels:

.. undershot, overshot, and breast.

. The pressure of water can be demonstrated by
pouring two quarts of water into a cellophane
bag. If the bag is lifted and four holes are
punched vertically (near the bottom, about an

“inch apart) on two sides of the bag, the water
will spurt farthest from the holes nearest the
bottom of the bag. |

‘Selected References

Note: The numbers in parentheses in this section refer to
entries in 4he list of se¥écted references that appear within
_ this publication immediately after the text. :

(13), pp. 509-12; (16), pp. 153-54,°161; (26), pp.
8-13:(27). pp. 214-17;(46), pp. 395, 398-99.

The U.S. Navy's hydrofoil gunboat
is powered by water jet and is cap-
able of speeds in excess of 40 knots.

. Water is drawn through rear struts
into centrifugal pump and is then
jetted through nozzles near the
stern (Boeing Company, Seattle,
Washington).
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Windmgls consist of a rotating element or wheel
driven by thea Avind that causes the turning of a
shaft cormected to equipment to perform useful
work. Wmdn}llls are practical when intermittent
power is required, as in pumping water to storage -
tanks and ‘generating electrical
storage batteries in power-supply systerfs.

The windmill was one of the earliest devices
used to_obtain "power from natural sources. SQme
records indicate thgt windmills were in existence.
pnor to the seventh century. The windmill was in’
use in Persia during the ®nth sentury and in
Western Europe near the close of@the twelfth
century. ° ?
During the sixteenth century the general form of

Dutch windmill was stabilized. No essential
changes were made until the start of the twentieth
century, when researth showed the way for signifi-
cant improvements in the form of sails or windmill
arms. Modern windmills: have fended toward high-
speed designs or types possessmg wheels rqtating at ~
a ldrge nixpber of revolutions per minute for
maximum efficiency in operation.

Present types of windmills are the multivane, the
propeller, and the S rotor. The™muitivaned wheel
though the least efficient of the modern windmills,
has the most numerous dppllCdtlonS in the United
States. The multivaned and propeller wmdmllls
possess rotors that revolve dbout a horizontal shaft,
and hemce it is necessary to orient the rotors-into
the wind through the use of a vertical vane or .
rudder. Since the S-rotor type of wheel is mounted

th

J

“on a vertical shaft, it is possible m‘tagadvantagc

‘Unit-4 — HEAT

It is safe to assume that the earth’s supply of
fossil fuels will last for at least one and one-half
centuries and that the supply of uranium will last
for a century beyond the fossil fuels. However,.
these fuels are Imited, and energy sources which
are not presently being used must be put to

“efficient use in the future.

The energy of the sun is the most obvious source

‘of energy. The daily supply is tremendous. In two

days the sun provides the United States with
energy equal to “all our Jemaining fossil fuel
reserves. Much of this em\.ﬁfgy is lost,- however,
because of clouds-and other forms of energy

&

15

ower for charging -

of the current of wmd wnthout swmg}ng the” entlre
unit on a‘vertical axis. S =

SElentlﬁc Prmcrple Involved:
Horsepmyer Output of Windmill

The available powervin a ¢urrent of wmd is dgfe
.to the kinetic #nergy of the mass of aif flowing_ e
through a giveit area per unit of time. [na ‘windm#] 'y
the area comfemed the frontal area swept “out’ By ’
the rotating eiement At sea-level conditions. of air
pressure and temperature the available horsepower
per unit of area is given by the equation: Hp =,
-0.00Q00214 X V3, where V is the wind velocity in
* feet per second. This equation givesthe results of
horsepower output of a windmill (area 100 square
feet, efficiency 30 percent) as follows:

- Wind speed in feet per

second .......... 10 20 30 40 50 100
Wind speed in miles per i

tour . ..ovvvnn.. . 6.8 13.6 204 27.2 34.0 68.0
Windmill horsepower .. 0.06 0.5 . 1.7* 4.1 8.0 64.0

Apphcatlon of Principle *

1. A wmdmrll can be constructed for demon-';_
stratlon and use in generating electrical power;
* for charging storage batteries.
2. A .cup-type anemometer can be used Jor
constructed to check wind speed.

Selected References

Note: The numbers in parentheses in this section refer to
entries in the list of selected references that apprar wrthm ’
this puhhcanon immediately after the tex

(13), pp. 228-32:(16). pp. 152-53;736)." pp. 13; 15.
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COLLECTORS B

dispersion. Yet the energy reaching the earth is still

- far greater than our needs. If only 1 percent of -

available ground area were used for solar power .
plants, these plants would have a theoretical
capabilify to produce more power than all the
steam and hydroelectric power plants in the world.
There are two major .prob]ems in making prac-
ﬂ(cal use of solar energy — collecting it and using it
low intensity. Heat energy at normal earth
temperatures is difficult to put to practical use.

.More researcgd/nd study are needed before solar

energy becom®§ a major source of controlled

. power.

A
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‘Some current uses,” though small, are note-
worthy. They are as follows:

~ [ ’ .« .
1. Solar cells. convett solar energy to electricity- .

Even though the output is low,-sqlar cells are
used to power satellites and ;ﬁ:’pyide
remote telephone boosters. L .
_Solar evaporation of seawater has been a
major.source of salt\and other ocean minerals

[§S]

for centuries.. Also, the -evaporation and con-"

tensation -of, seawater as a source of fresh
water have been effective in small ang ex peri-
¢ mental installations>~ : .
:3. Solar cooking umits have been desighed and
manufactured, for usé in areas having a“syb-
¢ stantial amou of avdilable sunshine.
~ 4. Splar heating wf homes has been successful »
‘Tegions - where there is an abundance of*
sunshine. : .

Light

K J

Silicon-arsenic

A solar cell is composed of a wafer of silicon-arsenic
coated with boron. v

Scientific Principle Involved: Heat

The t ‘mperz{ure' of a body is the measure of the
motion bf its molecules. Molecules of all sub-
stances possess ‘kimetic energy, which may be.
expressed by the formula KE = 1/2MV?* where KE
is kinetic energy, M is mass, and V is velocity. As
the temperature of a substance riscs, the kinetic
energy and, therefore, the velocity of the motion
of its molecules increases. \

Heat is transferred by conduction, by convec-
tion, or by radiation: ‘

power for

¢

- fluid; it becomes’ lighter and- floats upward. .

e
B

- 1. Conduction: Through motion, Kihetic e"ngyi ‘5‘ s

is transferred from,one atom:or. molecule-40
other atoms. of molecules; adjacent:to it: In

' ?Av?a‘y ‘heat _travels through a body by
onduction. Metals are good heat conductors;
nonmetallic substances are poor .conductors.

- .. 2. Convection: The increased molecular motion,
" due to a fise in temperature, causes substances

to expand, thereby reducing ,their*density.
When any portion of a gas or liquid is heated
to-a Righer temperature than the remaining

The resulting ‘movement is a convection

current.. Heat is «distributed in gases and-,

liquids by these convection currents. ¢« -

© ~.3. Radiation: Heat in the form of.rafl_iant energy
fravels in straight lines througly space and

i hy . . . . N

A transparent materials. Radio waves, infrared
“light, visible light, ultraviolet light, and x-rays
are all forms of radiant energy. When radiant
‘energy, particularly that of the infrared por-

tion of the spectrum, strikes an opaque -

object, some of it is reflected back into space

—
= {(\

-

- and some is absorbed. The absorbed portion -

increasés the kinetic energy of the atoms or
molecules that make up the substance, thus

- Increasing its temperature.

All opaque bg adiate some
on their tempex

8 and il such Mrb
some of the radiafft energy that strikes them. The

amount of absorption or radiation depends mainly

iy

~_on the sirface_and color of the body. ‘Rough,

dark-colored \s{rfaces absorb and radiate more
heat. Smooth, light-colored surfaces .absorb and
radiate less heat. ' :

Reflector: .

Solar cooking can be demonstrated by using a
concave mirror or bright metallic surface to convert
the sun’s rays to heat for power.

5

heat, depending A
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Application of, Principle N

1. A simple heat collector can be made froma -

box which is painted a dark color, preferably
black A’ second ‘collector box, painted white,
should also be made. A thermometer should
be placed in each box and the boxes placed in
bright sunlighf The temperature readings of
eax:h thermometer should - be recorded at

riodic mtervals "An appropnate ‘draph can
beplotted.

2 Solar cooking can be demonstrated by using a
concave mirror or bright metallic surface. A
match or small pieces ,of wood can be ignited
at the focal point of the mirror orseflector. A

: larger'{l\rﬁt designed to roast hot dggs or cook
other foods can be buijf with a bright,

N

’
[}

..
-

v should be exercised since very hlgh tempera-
,; tures are pOSSlble

: 39The conversmn of solar energy to electflc)@

can be illustrated through the use of-solar
cells. A ‘solar motor assembly can be built

‘which consists of a pair of solar cells wired to .

<+ ~a small motor. The motor will’ operate when-
ever the-cells are exposed to sunllght
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Umt 5 — SOLAR STILLS R
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¢ l

-~

The available supply of fresh water may soon beg

inadequate for many cities and, countrles in the
world .vMany islands, such as the Virgin Islandy”
have inadequate supplies of fresh water for drink-
ing and for irrigating ¢rops. As a result, consider-
able. effort has been expended to extract ocean
water that can be used as fresh drinking water.

. One met'th, often recommended for sufvivors
dt sea, involves the evaporatlon and. condensation
of- seawater.” During evaporation the water goes
into the air in the cgntainer, leavingthe salt and
other. minerals behiml. When the water is con-
densed, it” is fresh and free' of salt and other
minerals.

- This method, known as the solar still method is
inexpensive but impractical for large quantities of
watér. It is currently used as an" emergency or
Jlow-production method of desaltigg seawater.
Future "improvements might find it,or a modi-

;/

is then condensed to/Ilqurd | again. The condensa-

-- tidbn takes place on any surface which is cooler

than the water vapor o‘ﬁ :stedin. All suspended
matter and any dissolved material which has a
higher boiling point than water are left behind.

1

2

Apphcatlon of Principle

A solar still” may be, developed gh the use
JOf a large, clear plastic bag, a black téwel, or other

dark absorbent material, and a collectog. tray. The .

" ‘plastic bag should be rigged as a canopy over the

fication of the system more practical to meet the .
- growing demand for fresh water. ?

B Scientifi¢ Principle Involved: -
Distillation of Water -

Seawater is not satisfactory for drinking because

_of its high saline -content. . Distillation or evapo-.

ration has long been usecf as a method to obtain
pure water. The process consists of evaporating or
boiling water to form water vapor or steam, whish

17

(8). pp.

black towel. The towet should *be soaked in salt
water. When the unit is.placed in the sun, the solar
energy will be absorbed by the towel and the water
will be heated and eWaporated. The water vapor
will rise to the inside of the canopy. Since the air is
cooler within the canopy“than at the towel, the
water will condense on the inner surface of the
clear plastic bag. A*collector tray along the edge of
the canopy should he used to collect the small

.quant1t1es of condehnsed fresh water.
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E Umt 6 + SlMPI.E AND COMPOUND MACHINES

A k!

Machines are used to transform energy, transfer
energy, multiply force, multiply speed and change
the direction. of .a force.A generator transforms
- mechanical encrgy into electrical en€rgy. A steam

or gas . turbme transforms heat energy -into

"mechanical energy Machines are used to transfer

energy frorh one place to another for example, in
an automobile the connectifig rods, crankshaft,
drrve ‘shaft, and rear axle transfer energy from the
mbustion in the cylinders to .the rear wheels.
%chines are used to multiply force; thus, an
: engine can be lifted out of ah automobile by using
a system of pulleys. The pulley system makes it
possible to raise the engine by exerting a force
which is smaller than the weight of the engine.

However, this smallét force must be exerted over a

greater ‘distance than the height through which the
engine is raised, and the engine moves more slowly
than the chain which 1s pulled. A machine,
therefore,
expen; “ speed. Machlnes are also used to
mult1pl “s eed for example, a bicycle is used to
gdin speed,but only by exerting a greater force. No’

machine cah be used to gain both force and speéd '.

at the same time. And machines are used to change
the direction of a force, as when a single pulley at

the top of a flagpole enables one end of the rope to

- 18

E

oduces a gain'in force, but only at the '

force is exerted through a pulley arrangement o
chain hoist to lift a 200-pound éngine, the effort of

SECTION Il ©

<MECHANICAL POWER

» w

- exgrt: an upward force on the flag as a dOanard

force is exerted on the other end.

Mechamcal Advantage -

~ When a chain hoist is used to ift a car engine,’
the chain moves several feet to raise the engine a

few -inches. When a vie is tightened, the end of the

. handle is moved (turned) further than the jaw of
the vise is moved. When the lever of a paper cutter.

is pulled down, the hand of the operator moves
any point on the cutting edge. In each

having to eXert thg lesser force over a longer
distante. Each of these machlnes provides mechanl-
cal advantage '

Scientific Prmcrple lnvolved

By the use of 51mple or compound machmes a o

s and in countless others, a lesser force i
gaid a greater foree at the expense of .

person is able to multiply the force that hiyg.

muscles are capable of exerting. When a 20-pou

a person is multlphed ten times. Mechanical advan-
tage equals wught supported (W) divided by the
force’ apphed (F) in any mechanical device: or, to

- put it" another way,. mechanlcal advantage equals

- ¥a
.



10

W/F: The mechanicgl advantage then is ten. With '
the vise the mechanical-advantage principle ig@the-

same except that it is achieved by a combination of
two 51mple machines, the Wheel and axle and the
screw” or 1rflmed plane. Likewise, the paper cutter
co bines the lever and the wedge.

mechanical advantage of force of a maching
is ~fermed theqretical or actual. Theoretical
mechanical adyantage_is the ratlo of the distance
the effort- forcé moves to the distance the resist-

ance force moves. Actual mechanical advantage is.

the ratio of the resistance force to the effort force.
The efficiency of any machine is the ratio of its

actual . mechamfal advantage to its. theoretical

mechamcal advantage converted to 3 percent

l Sunple Machines .

There are"six simple machines. These are theg
‘Jever, the pulley, the wheel ahd axle, the imdlined
plane, the screw, and the wedge. Other machines
are either modlﬁcatlons of one of these simple
machines OF a.combination of two or more_of
them. The pulley and the wheel and axle e
fundamentally levers; while the wedge and screw
_are modified inclined planes. Many complicated
‘machines are combinations of simple machines. A
combination of two -or more simple machmes
called a compound machine. A .drill press is an

;ﬁ example’ o a compound machine. Many of the
\E N

51mple machlnes are founcﬁn the drill press.

~
4 ® U~

. Lever ) ' ,
_The lever was one .of the first slmple machines
known to man. In making use of leverage, he found
" that the tugning effort exerted depended on (1) the
amount bf-force applied; and (2) the length of the
lever arm. The same form of simple’le er s still

used to move heavy objects. In modemn machmes,

)any other more ‘complex forms of this simple
machine 4 sed in gaining mechanical advantage
or speed-Bhnthovement. Some examples of tools
. (nachines) that use the lever principle are tire
" jacks, scissors, hammers, be €rs, pliers, tin
+ spips, crowbars, vise handles, wrenches, hand-lever
piinches, paper cutters, drill presses (feed handles),
‘and squaring shears” _(treadles). Pushing, pulling;
raising, or lowering of handles on most tools are
_applications of the principle of the levert Moving

~

- »the acceleratorclutch, brake pedals, turn-ind¥ator -

levers, and manual gearspift Ievers are examples of
the application of the Jever in automobiles. Operat-
ing" cranks and kjck”starters are examples of the
application of -

;C‘G

e lever principle found in other

ts dfiven by internal-combustion engmes In
t mstances the lever is used to increase force

_ *Scientific pnncz)le involved. A lever is i ‘rigid .
bar that is free to turn about a fixed point called -

the fulcrum or p1vot point.'A force applied to one

point. on the lever may, be used. tg overcome .

resistant force at -another paint on the lever. The
ratio of the force applied to ‘the resistance’ ‘that’is

overcome, is called the mechfnical advantage of .the - '
" lever.; The theoretical mechanical advantsgé of a

lglver m e found by dividing the distance|from
. effort (force) to the fulcrum by the dis ance
from the resistance (load) to the fulcrum evers
are of thrée classes. First-class levers have the
fulcrum "between the fqgces some ‘examples,
include tin snips, ‘pliers, and scissors. Second-class

~Jevers have the load or resistance between the

effottand the fulcrum; paper cutters and welding
tank trucKs are examples. Third-class levers have
the Z,ffort applied betwlgﬁn the fulcrum and the
resistance amples are ' cdlipers and, tweezers.
These* toolstre familiar examples of. the use of
Jevers. Levers may be used” to increase force,
distance, or speed. If the resistance force is greater

x}han the effort force, then the effort for‘ce ‘must

N

Effort . 1 ‘ . Load
LL " - Fulcrum ’
< - »
Effort ‘- Load
L *L

< Effort . . ' Load .
vy~ t W
ulcrum cYL -

first:class lever (top) has the fulcrum pen the

eHort applied and the load (e.g., pryings with a

" crowbarl\a’ second-class lever (center) has ‘the load

b een the effort applied and the fulcrum (e.g.,

ing -a wheelbarrow): and a third-class lever

(bo om) Has the effort applied between the fulcrum
p and the Ioipd (e.g., using a broom).-

LY
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~'move _through a greatér distance (faster) thar the
resistan The work done by the -lever can,
therefore) never ‘be gseater than the amount of
work -produced by the effort on the lever./If the
work done by the lever were greater than tat put
in, the lever would be an energy-creatthg or
perpetual-motion machine. :

Wheel and Axle ¢

The wheel serves a number of purposes. Like a
fixed pulley, a road wheel op, an automobile

/.

supports a load and _permits it to move in a-

direction parallel to the Toad surface. When power
from the engine gduses the rear axle:to turn, the:
rear wheels act as levers to move the load they
support. The wheels als function as levers when
the brakes are applied. Gears, spro'cketsﬁ pulleys,
windlasses, and winches are examples of the wheel

and axle.

 Scientific principle mvolved. When in m tion..
“the wheel is a confinuously rotating lever. The
center of the Wheel is the fulcrum. A wheel that,

likewa front wheel en a-car, merely rolls d??.ﬂl

)

supgorts a load has a mec ahjcal advantage of one, -

- Drive wheels on powered ‘ve fcles usually have a-
mechanical advantage of less than one. And whegjs'

with brakes have a similar mechanical advantage. « ¢

The amount efsmechanical advantage depends on

the wheel ragjius(?-rear axle ring-gear radius, brake; »-'

wheel and axle with 4 mechanical advantage greater

than one. The amount of mechanical advantage

gained by a windlass depends on the diameter of
the drum and the lengfh:q&the'd-ﬂivfng handle.

_Inclined Plane

 The inclined plane is a great elp to workmen
because of ‘the mechanical advantage it provides.
0il drums and other heavy objects can be raised-lor
lowered by means of an incline. The 'same principle
is involved in the grading of roads-and mountain

trails and _in the ascent and descent of winged
aircraft in Mht. s A

. VA N :
Scientific principle involved.. An inclined plane
consists of a plane surface: with -one end or side
\ll\ll'igher than a plane parallel to the earth’s surface.
echanical advantage is gained when an object is

moved up a slanted surface'rather than when it is -

lifted vertically. As an example, a 3Q0-pound drum
can be rolled up a 12-foot incline that rises 4 feet
at one end by a calculated force of 100 pqund%’.

A

’;Tf:;\

"’;-

P

. one or

- advantage; ‘i

Wedge -/Qf

Mzt has found many applications of the princi-
ple. of the \wedge. Thtj. great force that can be
exerted by " this simple machine makessit seful in

(1) separating or fJorc-ing ond thing away from
anothér (by the of Jaxe$, chisels, knives,
splitti nd “wedges d to lift heavy
objects -or holding objects

pegs, nails, and her'fastgners that are driven into
materials; corks in bottles; and gears%’ wheels that
are pressed on the ends of shafts). )

Scientific principle involved. The wedge “is an
object that has a greater, s section at one end
than at the other. As*d wedpe is moved in the
difection-of its smaller cross sect
is exerted at right angles to this
' incitned

plane, and its
in the samé
ches and its

- P N - v
Pulleys aiid . Blts, as well as sprockets and
chains, are used‘dh driving all types of equipment.
The drill press, lathe (wood and nietal), jig saw,
milling machiné&, cHainhoist, block and ta le;and

on, a greater force -
otion by its sides. .

3 2 inches, it will -

lockilgé
se of wedges in hammer handles; -

-

v

e X 2Yy 7 many othej_(Zfdévjces would be rendered useless. -
drum, or disk*radius., A cable or rope windlass is a 2 fithout the simple machine known as the pulley_

The pulley ‘provides a means of transmitting.
mechanical power from a single driving source to
driven mechanisms. -The pulley, as
used with ,2 chai‘ﬁ/ hoist, provides a mechanical
‘makes easier the lifting of a heavy

".'object, such as an automobile engine. Pulley and

'?belt combinations, as found in the drill press, are
used for obtaining desired speeds. Pulleys and belts

are used to transmit. power from internal-
combustion engines to drive electric generators and

'fans of vehicles and stationary units.

14

Scientific principle involved. A pulley. which is a

wheel that turns readily on an axle, provides a

-means of transfexring power through a belt or
_ chain from one location to another. With this ~

transfer of power, it is possible to accomplish work
at a location removed from the source of power. In

the lifting or moving of an object, a single fixed

pulley merely changes the direction of-force. In a
pulley 'system with one movable pulley’, the force
moves twice as fast as the load. A combination of

]
o
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pulleys of varying sizes may be used to increase or

decrease speeds beyond the speed the driving

source. The law governing this principle is that the

ratio of the speeds at which the pulleyy turn As

inversely proportional to, the diameters of thi¢”
pulleys. As an, example, an 8-inch pulleé at the.
griving source will make one revolution f®r every

rw? revolutipns of a 4-inc@driven pulley.

- ¥

Screw
Certain devices are regulated with adjusting

" screws. As adjusting ‘screws are turned, force ‘is

™

‘and compasses. Clamps and vises m

. applied to control the space between the parts or

to provide the yesistance that may -regulate the
flow of gas, liquids, or ealectricity. The correct
setting is determined by the amount the

. .
z}gjlustmg
' screwgis turned and, in some cases, can be checked

with an electronic instrument or a pressure gauge.

A few ®evices that use adjusting screws are -
oxyacetylene regulators, padding capacitors, painj-

spray, guns, automobile carbureto
e use of the
simple *machine known as fle screy. A conimon
clamping operation, is holdin rial firmly in a
drill-press vise while the stock is being drilled. The
handle of the vise acts as a leyer, multiplying the
mechanical advantage of t{bgescrew. The total
mechanical advantage of Such a device is the
product of the mechanical advantages of the tyv/,?
simple machines. o 2

n

‘ \ Scientific principle involved. A machine screw is

)

" machine,

into its surface. For practical\purposes a screw may

a cylindrical fpdy with a hé{g‘ll (spiral) gro

be consideréd ¢n inclined plane in the form pfa -

helix. The scr must resist tension (strain) and
shearing (cutting). In its application-as a simple
the- screw is machined to precision
accuracy in both fit (torrect size) and pitch
(distance between threads). The fit of the screw
determines h(\iv much friction will take place as
the screw is thrned. With too much’ friction, the
screw is diffrcult to adjust; with too little friction,
the screw is dNficult to keep adjusted. The pitch of
the screw threay determines how finely a particular
instrument can be adjusted. If the fit and the pitch
are not correct, the effectiveness of the adjusting
screw is decrensed. -

Compound Machines
An engineer designing a steering system for an

automobile must devise a set of levers and gears——-torque—wsenelr to the pedal,
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that provides enough mechanical'advantage to turn
the front wheels easily yet Yequires a minimum
number of turns of the steering wheel for the
convenience of the operator. Consideration ‘must
be given to the diameter Qf the steering wheel,
which is rigidly attached to the steering shaft; to
the ratio of the gears in the steering gear box; and
to the length of the levers, which move the wheels

at the_:'fr pivot points. Power assistance (power
stéer:ing) is often built into an automobile to assist

" the' driver in exerting greater force in turning the

wheels. . ~.

Sciéntiﬁ&inciple Involved K

The function of a-machine is to con’ért?nergy

to-~useful work. the steering system of an auto-
mobile is, .agmachine that enables a person to

multiply the force produced by his muscles. The

lever is a rigid bar that is free to turh about a fixed

point. The arm or end to which force is applied i
the effort arm; the arm that moves the load is t

resistance arm. The mechanical advantage, which
depends ops the lengths of the two arms, may be
incréasedcby lengthenihg the effort arm or short-
ening'/tp?e resistance arm. The gear ‘is a form of

lever. It}is a scries of levers around a (‘:irple-,used to.

be the resistance 4irm and the

-

transmit contiﬁ%u? force to anothe'r'ge'ar.\One )

pair ma

ar of
i%ﬁer the effort arm. The wheel rigidly attached to

an axle isalso a form of lever. The rim of the wheel
is like a series of levers and is more convenient to
use than a single lever. A combination of two or
more simple; machines, such’ as the lever, gears, and
wheel with ixle, is a compound machine. In'almost
all cases the total mechanical advantage of a
compotind machine is the product of the mechanj-
cal advantages of the simple machines of whigh it is
composed. : '

Application of Principles

E\?ﬁlmples of simple and compound machines
can be identified gmeng the hand tools and
‘components of machines in the facility as well as in
the systems of internal-combustion engine units.
Simple and compound machines can be demon-
strated by using (1) a yard or meter stick as a lever
to lift weights; (2) weights, levers, and spring scales
to show mechanical advantage and torque; (3)
brake pedals’on automobiles to illustrate classes of
levers by disconnecting the brake pedal from thg

master cylinder and connecting a spring scale or

{(4) a spring scale

.



‘connected to the rim of a steering wheel to ...
measure the force necessary to steer the vehicle;

(5) input and: output. trqnsmnsswn shafts to deter-
mine gear ratlos (6) the rolling of a grease drum up
a ramp to demonstrate the inclined plane; and (7) a
wood or metal wedge to secure tool heads.

r

Unit 7 — LUBRICATION

- For the propgr lubncatlon of a four-cycle
internal-combustion engine, 2he il used must
prevent rotating and sliding metal surfaces from
coming into contact while underheavy shock loads
and widely varying temperatures. Internal liquid
resistance to flow prevents oil from being squeezed
from between movmﬁnetal surfaces of begrings,
cylinder walls, and valve trains. This property of oil
is commonly referred\? as v1scosny

.~ - Viscosity of Oils

. Viscosity of oils must be discussed in terms of
(1) ‘body, or the, resistance of the oil film to

puncture; and (2 fluldlty, or-the ease with which
I _ tribution lines and coats metal -
surfaces. These characteristics, can be considered

- oil flows through

“opposites since the more fluidity an oil shows, the
. less body’it has. Modern éqgines require an oil with
- great fluidity because of Jpse tolerance but with
body resistive to breakdown“under the heavy loads
and temperatures 1mposed by hlgh horsepower
output.

The v1scosrty of an oil can be determmed by a
device " called a viscosimeter.\ The viscosimeter
determmes the tlme it takes a)measured quantity
of oil at a‘certain temperatur
metered orifice.

Temperature affects oils by increasing their

sity as the temperature drops and decreasing
t eir viscosity as the temperature rises. According
4 16 the viscosity ratmg system of the Society of

American Engineers (SAE)slower numbers indicate .

a thinner oil, higher numbers a thickér oil. Winter
- grade oils have a W after the SAE number to
indicate that the oil was tested at zero degrees F.
and 210 degrees F. The three automotive winter
grades are SAESW, SAE10W, and SAE20W. Auto-
motive oil not tested at zero degrees F. is rated as
SAE20, SAE30, SAE40, or SAESO. Oils can have
multiple ratings, such as SAE10W-30. This number

means that the oil can be substituted for grades

_4'104»10 (69), Chapt

to flow through a

" mendations
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SAEIOW, S E20W,and SAE30-
The A encan Petroleum Institute (APD has

:engmes nd-three for diesel. engmes
r in éach designation indicates the
type 6f engine\M for the gasoline and LPG engine,
and D for the

,u‘.

jesel engine. Thé second lette?'m\'

ed®h.designation indicates the type of service. The_

fee service ratihgs,for gasoline or spark-ignition
ngines” are (1) for severe service; (2) MM for

dium service®and\(3) ML for light service.

A Viscosity Index\(VI) evaluates oil in terms of
viscosity change camuSed by variations in tempera-

ture. The adopted: VI rating scale goes as high as’

300. The higher the VI number indicated, the less
the oil viscosity varies with temperature In a very
cold climate, the viscosity ‘index is very important.
It may be necessary, for.€xample, to start an
engme at: below zero degrees F., but in a few

minutes’ have oil temperature w1thm the engine at .

200 degrees F. In this situation’ the”oil must not be

so thick at starting that it prevents cranking, but .

<ot so thin at operatmg temperature that engme
“d ‘results. f o

Or1 compames blend oil with add1t1ves to give
the proper viscosity index for the type of service
for which the oil is intended. Multiviscosity oils, in
wide use now, are premiur oils that have a high VI
rating. The viscosity of an oil used.in an automo-
bjle éngine has much,to do with the life of that
engine. Manufacturersf recommendations should be

. followed carefully in selecting and using oil.

With the development of improved lubricating
oils and more efficient oil and air filters, automo-
tive. manufacturers. ha
for oil# changes. When favorable
operating conditions exist, some manufacturers
recommend that oil should be changed every two
months or after 4,000 miles of operation, which-
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liberalized .their recom-
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“ever occurs first. Other snanufacturers favor an oil |

change every two months or after 6,000 miles,
_whihever occurs first. All recommend that for
more adverse dr;vmg conditions, such as start-
and-stop driving, cold-weather driving, or ‘driving

through dusty areas, the oil should be changed -

-_, more frequently.

Scientific Principle Involved:
Fluid Friction and Visco/sn‘ty ) 4
~'When a liquid ( .motion; internal
structures (molecules’ e at different velotities.
Friction is involved as these structures slide pover or
rotate around each other. Tiiis friction is kFown as
v150031ty
- Irqurd is made. up of molecules in motion
wh1ch aré of different sizes for different liquids.
quurds.wrth large molecules tend to have a higher
- viscosity than liquids-with small molecules. This
.phenomenonlmrght be explained by comparing the
larger molecules to rocksand the smaller lecules
to fine sand. It is much-easier to force a
~sand to flow than a pile of rocks
tend to pile up and resist motion
*different-sized molecules can be mixed to obtain a
desired -viscosity. The smaller molecules can be
thou‘ght :of as little bearings that fit in with the
larger molecules to provide a “pall-bearing” effect
to reducgPthe _resistance.to' flow of the larger
molecuf®s.

K

‘molegfliles, the less is the
energy that will be necessagyAo cause the liquid to
flow. The opposite is true for lower temperatures.
If the temperature is raised too high, the molecules
tend-to get so far apart that, for all practical
purposes the v1§e051ty of the liquid mgy disappear.

~activity: displayed by the

Application of Principle ,

1. Obtain several different SAE grades of oil.
Provide a funnel with a small metering orifice.
.. Heat measured quantities to a given tempera-
" ture (such as 200 degrees F.) and time the
flow through “the funnel.
samples. in drysice or m}a refrigerator to a
given temperature (such as 32 degrees F.).
Compite the rates of flow.

IR
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2. Shew-the-effect of cold’on the cranking of an
engine by cooling a small gasoline engine with
dry ice. Compare how difficult this engine is

- to start with dlfferent grades of engme oil in

. the crankcase.

3. Confpare the viscSsity of various orls by a -

simple device. Place oils to be tested in .

plugged test tubes, each of which contains a’

small stgel ball. Place the test tubes in a rack

so that all can be rotated at the same time.

The more viscosity an oil has, the longer will

it take for the oil to reverse in the test tubes

and for the steel ball to settle to the bottom.

-
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Note:, The numbers in paremhesgs in this section refer to
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unchons o Lubrrcatmg oil
"Lubricangs are used to slow down wear and to

reduce frietion between two-moving surfaces. The .
lubricating oil used in ‘thg four-cycle internal- -
combustion ‘engine perfo:ms at least seven

functions. It (1) lubricates moving parts-to reduce -
‘wear; (2) reduces fnctron*and power loss; 3)

prevents spot overheating: by absorbing ‘heat as it
circulates;  (4) sédls’ piston rings, pistons, and”
cylmder w*ans to prevent loss of gases on the power
stroke; (5) absorbs sh&ck in bearings; (6) dissolves
lacquerlike. substanq;s and suspends other by-
products ‘of broKef*down oil and womn metal
through the use of detergents and the oil-filter
action (helps keep engine clean); and (7) neutral-
izes acids (formed in the breakdown of oil by heat
which would damage metal parts) through the use-

! of atldifives.

Cylinder walls pistons, and piston rings are
exposed to the high heat.of the ‘burning fuel-air
mixture (particularly on the power stroke). This

heat will evaporate some of the oil ceating on

‘Cool 'the same
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‘causing the formation of additional carbon. -

pistons and cylinder walls. The oxygen from the
unused air in the fuel-air mixture; together with the
high temperature will partially burn part of the oil
coating the exposed surfaces; leaving carbon. The
heat also “cracks” some of the oil molecules,

Lubrication of the two-cycle engine is quite
different from the lubrication of the four-cycle
engine. Since the fuel mixture must travel through
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the crankcase, a\reservou &f ell cannot be stored Dry, Greasy, and Viscous Friction _
there. TheMbricating oil is ixed¥ith the gasoline Friction is a force wh;ch resists motion and

and is then Yut_into the gas tank. (Two-cycle ~ convarts the energy of motion into heat. The

. engine manufacgurers are ‘now,, developing and “drag’dpe to friction depends on the. roughness of
‘marketing ‘enginés with oﬂ-metermg devices that the surfaces in contact, the amount oPsurface, and
* eliminate the -néed/for premixing the oil and the force holding them together. Friction is both a
gasolme) The lubricating oil for all crankcase parts ~ help and a hindrance in the operation of an
enters the’ crankcasg as pﬁrt -of the fuel mixture, =~ automobile. It helps 2 person-to hold and turn the
Millions -of tiny pil droplets suspended _in the steerfng wheel. Without friction the brakes would .
mixture offés;?é and “air se¢ttle’ on -the mc vmg not work amd the tires would not have traction. o
parts in the case, provxd g lubrlcatlon . The steermg wheel, brakes, and the tire tread-are
. all designed to increase {he effectlveness of this - .
Scientific Prmc:ple Involved: - .o * helpful friction. . \
Effect of Heat on Hydrocarbon Molecules* L ' ‘ lJl—lowever f)‘ictlon in the automobile engine and-
n

Heat is one form of energya and-has the capamty. .
~ of doing work (both useful and destructive). High wear. The use of machmed and polished\ frfoving
temperature- is used in petroleum refineries to parts, bearings, and proper lubrication all help to
break large hydrocarbon ‘molecules into smaller decrease the amount of friction. They enable the -
ones (cracking) in order to obtain more gasoline. engine (and. power train) parts to last longe%nd'€\/
The carbon and hydrogen ‘atoms of the. hydro- the automobile to perform more efficiently.
carbon molecules are }eld together by, chemical There are’ three types of friction: dry, greasy,

bonds. When heat is added and the tem;‘erature is  and viscous, Dry friction otecum when fwo dry
thereby raised, the atoms begin to vibrat&estretch- _surfaces rub’ together/ The friction between the

ing the bonds (very much like bouncing a ball tied brake lining and the brake drum is one example of

to a rubber band). When the vibration becomestoo  -4T¥ friction. Greasy friction ‘occurs when a small
quantity of oil or grease is applied between the two

g the power train wastes: energy af;?usep

violent, ge bonds begin to break. b Y ! v
o - contacting surfaces. Grease is applied to auto-
AN . , mobile door latches and the front wheel suspension
Application of Prmmple '
system. Viscous friction occurs between the layers
‘1. Demonstrate the effect of heat on lubncatmg of a liquid, The lubricating oil in an automobile -
oil by dipping one end of a 1-foot welding rod engine is forced between the” moving metal sur-

in oil, holding the rod with pliegs, and heating faces. Viscous,, friction is thus substituted for
the opposite end with a to ch_. The. heat sliding friction. : , .
“ travels along the rod, and the oil begins to :
 smoke (evaporate). Continued heating pro- Scientific Principle [nvolved:
duces a black, sticky coating on the rod-from Dry, Greasy, and Viscous Friction .
the oil (carbon and lacquerlike substances). Atoms and molecules make up solids, liquids,
Test and compare various brands and viscos-. - and gases. They 3ll behave as though they were
ities of oils. ,Also test used oils (crankcase, very tiny balls. The surfaces of highly polished
drainings). solids appear to be perfectly smooth. However,
2. Check the acid content of used oil by placing - Photographs of these surfaces, taken with an’
a small quantity of crankcase drainings on a ~ electron microscope, show “hills and valleys.” The.
piece of metal. “hills” of one contacting solid surface tend ‘to fit

into the ‘valleys” of the other, causing friction
(resistanee: to movement) between solid surfaces.

S ; ‘
 Selected References The molecules of greases are larger and move about

Note: The numbers in parentht}ses in this section refer to more slowly than those of oils (at the same
* entries in the list of selected references that appear within
is prblication immediately after the text, temperature). The constant movement of the
e ~__molecules prevents Ahe formation of permanent
(4), pp. 36-42; (21), pp. 299, 302; (22), pp. ““hills and valleys” between layers of greases and

172-79; (27), pp. 68, 225-26; (36) pp. 111-12; ' oils. Friction in both oils and greases should be,
(66), pp- 102-3; (69), Chapter 5, pp. 2-7; (75): and is, less than solid friction, and .oil (viscous)
Chapter 10, pp. 1-10. , - friction is less than greasy friction. -
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plication of Principle )

1. Measure relative friction by using several
blocks of the same size (but of different
materials), a spring balance, a long, flat
surface, grease, and lubricating oil. Tie-a string,
to each block in order to attach ‘the, spring
balance. Ti§ach block for all three types of
friction (dry, gréasy, viscous). Place a block
on the long, flat- surface with the spring
balance attached to the block. Pull the sgring
balance steadily until the block ‘begins to °
rhove. .Read’ and record this *“‘starting force
(pull). (The difference between the starting
and moving force is the friction.) Test the
bJoc r dry friction and record the date of
te ing in atable. Coat each block with grease*
nd repeat the experlment “Observe and

Unit 8 — §
Mechanical energy can be stored it a spring and '
@sed in many w§ys in machinery, engines, watches,
toys, and other‘deyices. A spring has the capacity
" to store energy release it when needed. Springs’
are made of steel “or brass. One of the most
-frequent uses of springs is to supply motive power
in a mechanism. A good examiple, of this is found in
the windup toy. When the toy has been wound up
and the lever has been activated, the toy moves
abgut releasing the stored enérgy of t e wound -
spring. The valve springs in an automobile engme
are also used to supply motive power or

-

_Selecteci References *

BN
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v

fecord the SG)’tmg force and the.moving force
for each bl % Cover the long, ¥flat surface
with oil and*repeat the-experipnent. Again
observe and record the starting force: and
moving force for each block.
. Measure the force “needed on .the steermg’

-

wheel of an automobile to tyrn the'\front"

wheels: Place different surfaces under the
front tires. T
o

e [

Note: The r’rnbém in parentheses th this section refer to

entries in the list\of selected references that-appear wuhm

this publication mﬁ\ki;tely after the text. * . .
(13), pp. 44041 “§45.46; (14), pp. 81-82, 9598

(22), pp. 49-51; (27), pp- 225 26; (66) pp 38 86;
(69), Chapter 5, pp. 2-3. :

-

PRINGS

v

. automobiles hydropneumatic devices are used- to

limit the speed of the spring action.
Springs are classified according to their shapes

The three main types of springs are the flat or leaf:

spring;“the helical spring, and the spiral spring. The
flat or leaf spring, which is made -of _plates or
leaves, has the special advantage of both pus’ﬂ‘ng or

SN

The spring pushes or holds the valve firmly i \k .
valve seat of the engine until the rotating caM‘\ -

mechanism of the engine forces the valve lifter to
open the valve. When the lifter stops pushing on
the valve, the spring t':>n pushes the valve back
* into the valve seat.

Another use for a spring is to return dlsplaced
mechanisms to their original position. Examples
are .a door-closing spring or the spring on a cam
follower. The coil or leaf spring on the car frame is
connected to the axles of an automobile and is
used to keep the body at a certain level with
respect to the road. As the automobile moves along
a highway and irregularities move the car body up
and down, the springs help returnthe body to its
‘original posntlon These same springs act as shock
absorbers on the automobile so that the bouncing
effect is absorbed by the springs and is not
transmitted to the rider-in the car. In modern

-
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If the pointer attached to the spring returns to the
zero mark after the weight is removed, the sprmg is
perfectly elastic.

L4
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" pulling at right arigl’p's. The helical spring consists of
-a wire wound in a helix.. It can be used for
compression, such as a valve spring, or for tension,
such as a brake.spring. The spital spring is a wire or
band wound in a spifal that produces a torque;
such as .the spring found'ir'l'g recoil device used in a
lawnmotor starter. |

. SRR .
Scientific Principle Involved: Elasticity
When a’force’ is applied to a -solid body.

distortion of-the body occurs. The greater the -’
deformation. In an elastic.

force, the greatér' is the

substance -the displacement of ‘the’ atoms and.

e .
molecules of the subsmge\; under ‘stress:sets upiiy

forces of attraction .and repulsign Which resist the
distorting force and ténd.{o réstore the body to its.
original size and shape. A"slibstance is said to- be
perfectly elastic if the restoring force, called
“elastic recoil,” is equal and oppoftite to the force
causing the distortion. If the body does not resume
" its normal shape and, size on removal of the
distorting force, its ‘‘elastic limit” has ‘been
" exceeded. Certain metals, such as stefl and brass, |
which possess,desira{)le elastic prop’értiea;;ixg used
\ for making springs Of various shapes and sizes to -

sion for which they are designed.

ooke’s law  states that within the limits
 peffect elasticity, strain.is-directly proportional
stress. This is the pringiple upon which a spring
bafarice operates: thé amount the ‘sgmng is .
stretched (or compressed) s directly pro '
to the force applie.duTﬁE%, if 600 pounds will,
compress a coil spring 3 inches, 1,200 ‘pounds will
compress it twice as far, or 6 inches.

From the standpoint of conservation of energy,
the spring is practically 190 percent efficient
because it can return practically all of the energy
stored in it on distortiqﬁ?j{;}}s "élg};‘iic limit is not

exceeded. S

A

. - Unir9 —
" The purpose of a clutch is to permit the -
coupling or uncoupling of a power source (engine.
or motor) and the ‘drive unit. In an automobile
standard (not automatic) transmission, the
es it possible t0 transmit the power
. ngine through the power train to the
wheels.Wle clutch utilizes the ‘scientific principle
of fricton. When the clutch is in a coupled
I

\

withstandithe forces*of. compression, tensior, and =~

onal"s,
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" Application of Principle _
l.EmployTsprin,gs as a:mean$ of absorbing,
.storing; and imparting mechanical energy.-
Activities involving .the measurement of the
energy in springs might ix}clude the following:
a, Test the tension of a sc?‘een door spring
with a scale and record the punds pull at .
- various lengths as the spring is stretchéd. .-
b. Tést compression springs, such as i al-.
. combustion engine valve -springs, on a

. required .to compress the-spring and the

_Check the torque on “a ‘torsion bar with
either a scale and lever or a torque wrench.

.

valve-spring tester; again noting the force .-

change in-the length or height of the spring. -

v~ 2.Pursue the méthod by which the spring Ys

actuated. Some of the methods are as follows:
a. Use a cam (like that used in the internak
_ 'combustion engine) to actuate, the valve.

'b. Apply pressure, either hydraulic or pneu-
matic, to push on a valve (for example,
check valves in a fuel pump). ~* -

. ¢. Use a twisting effort, such as the torsion
bar or curtain roll, to demenstfate spring
action. - ‘ ‘ .

{

-

4
a
]

3, Gather a variety 'of"'.'"Spn'ngs and ideNify them

as to -type (helical, spiral, or leafl); function
. (to absorb, store, or impart energy); or force
b which they count@Fagt or react to (compres-
L2 sion, tension, Or torsion). : .

Selected Ref: dences’

Note: The numbers in parentheses in this section refer to
" entries in the_list of selected references that appear within
.7« this publication immediately after the text. . :
. .
), pp. 133-37;(22), pp. 517-31;(27), pp- 19091;
69). Chaptet 15, pp. 7-16;(75), Chapter-16, p. 7,

- Chapter 39, p: 1, Chapter 40, p. 4, Chapter 42, p.3.

CLUTCHES

position (engaged),_ it provides the link which =

dllows power ‘to flow from the engine to the rear

wheels. In thé uncoupled position (disengaged), it '

does not permit power to flow. When the clutch is

- disengaged ;- the  gear may -be shifted easily: When ..
the clutch is gradually engaged, with the auto-

. mobile in gear, the vehicle moves smoothly in the
selected direction. I

26
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Classifications of clutches and examples of each
include (1) the disk clutch, used in automobile
transmission couplings; (2) the cone clutch, used in
standard transmission synchronizers and engine-
lathe controls; (3) the overrunning clutch, used in
starter drives and automatic transmissions; (4) the
sprag clutch, used in autigmatic transmissions; (5)

.

togethen.« The hub of the friction disk is splined to
the transmission shaft. Depressing the clutch pedal
releases the spring presure, and uncoupling takes
place The flywheel pressure plates, and “the
“friction dlSk then turn mdependently Releasing.
the clutch pedal engages the units, and the vthcle
moves.

the ratchet-dog clutch, used in automobile bumper
jacks; and (6) the centrifugal clutch, used in
motorcycles, lawnmowers, and go-carts.

All automobile clutches are similar in construc-
tion and o;rﬁ{’ion; they are classified as single- or’

Scientific Principle Involved:
Sliding Friction _

One scien principle involvéd in the~operation
of a clutch K sliding friction. This friction acts
parallel to the’surfaces which are sliding over one
another ana in the direction opposite to that,of the-
motion. The degree of friction depends.upon the
materials and their surfaces. Sliding friction occurs.
‘between the brake lining and the brake drum ona

i

multiple-disk~The single disk is most widely used.
- Frictional €ontact in the clutch is made between
two smooth, metallic driving surfaces and facings
riveted to a driven disk. Pressure springs hold the
flywheel, pressure plate, and the friction disk

_Clutch adapter /ﬁ'

AN
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The |l|ustrat|on presented above gives an exploded view of the clutcf»umt used in the three-wheel Cushman \

gasolme truckster (Cushman Motors, Lincoln, Nebraska).
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car. It-also occurs when two facings on the clutch
are pressed between the flywheel and the pressure
plate. When the friction becomes great enough
between the two surfaces, slippage is almost nil.
The two most important factors in this frictional
force are the nature of the surfaces involved and
the force pressing the surfaces together. Clutch
efficiency is, therefore, dependent on the clutch’s
ability ‘to transmit power from the driver to the
driven through friction and, conversely, on its
"ability to separate the driven from the driver and
avoid friction.

Application of Pri‘nciple
1. Raise an automobile witha bumper jack.

Examine the ratchet-dog clutch and observe it

as it operates in the jack. R
2. Check the operation of ‘a coaster brake on a
bicycle; this overrunning clutch stops the

!

,
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bicycle as increasing pressure is applied by Fhe

" rider’s foot on the pgdal.
_Tuin the tuning knob on a radio to either the

extreme left or extreme right position; con-

tinue turning the knob and note the slippage

that occurs. (This is an application of the

friction-clutch principle.)
_Check cone-clutch assemblies on engine and
. woodworking lathes. '
. Examine, disassemble,
automobile clutch assembly. Identify
various parts and study their functions.

VS

the
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‘Unit 10 — DYNAMOMETERS

The dynamometer is a device forydetermining
the actual horsepower (hp) or torque (twisting in
foot-pounds) that is available at the crankshaft of
an -internal-combustion engine or at the driving
wheels of a vehicle. Dynamometers may be
grouped as follows #ccording to the three methods
used to provide load: (1) the use of an electrical .
generator, using an electrical load; (2) the use of
liquids under pressure, using a hydraulic load; and

. (3). the .use..of. .a .mechanical .shoe. or_disk brake,

using a frictional load.

For the testing of automotive-type equipment,
the electrical-load dynamometer has proven most
practical. This unit is constructed to measure the
power-available at the driving wheels of .the vehicle.
Floor-mounted rollers connected to an electrical
generator are driven by the wheéls of the vehicle.
The voltage and amperage (wattage) output of the

generator circuit is instrumented to indicate the ¥

horsepower and torque at any given horsepower or
engine revolutions per minute (rpm) according to
the formula Hp = volts X amperes ~ 746, or watls
=+ 746, 1 horsepower equaling 746 watts.

In this testing it is necessary to take into
consideration that the power actually measurable
at the crankshaft of the engine would be much
greater than at the driving wheels because of the
power losses in the power-transmission train.

Ll

Electrical-load dynamoineters and, occasionally,
hydraulic-load dynamometers, are available that
couple the engine unit directly to the dynamom-
eter for very accurate engine evaluation. »
~ The frictional and hydraulic-load dynamometer
couple the crankshaft of the engine to a lever arm
that bears on a weighing scale. The engine is placed
under load at a given rpm by the frictional-brake
unit or hydraulic pump while the lever is pressing

on the scale. The torque in foot-pounds is deter-

mined by the simple formula which states’that
torque (in foot-pounds) equals lever arm length in
feet, scale reading in pounds. Thus, Hp = torque X
rpm of engine + 33,000. (The figure 33,000 comes
from James Watt’s determination, based on careful
measurement, that a strong horse can do about,
33,000 foot-pounds of work per minute.)

Scientific Principle Involved:
Horsepower

Work can be accomplished by sliding, rolling,
lifting, or rotating anything having mass. Work is
done when a force acts on matter and changes its
motion. . A~ force (energy) can be supplied by a
natural phenomenon (such as wind) or by a
mechanical device (such as an engine or an elec-
trical motor). In relation to power output, a force

28
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must have a time factor or rate of doing work.
Power represents a mass being displaced over a
distance in a certain period of time. Power is a
function of the time it takes to accomplish work
(force X distance moved). For the use of science
and industry, it has been established that a
horsepower represents tlsie lifting of 33,000 pounds
1 Toot in I minute. The formula is expréssed as Hp

= welght m pounds X dzstance moved m feet -

Application of Principle
1. A simple dynamometer for smalil 'gasoline

engines qf about 1 horsepower can be con- ‘

structed ¥ from a typical 12-volt automotive,

alternator or direct- current generator with a .

regulator. A variable-resistor or carhon pile of
.1 or 1 ohm capable of dissipating at least
1,500 watts should be provided for the
generatag, load circuit. A tachometer suitable
to the engine should be provided with an
accurate voltmeter and ammeter. At a given
rpm the load should be adjusted to give ‘a
sllght drop in voltage with a max1mum

- ampere indication.

. A hydraulic dynamometer can be constructed
by driving a hydraulic pump or water pump
with a small engine and measuring the pres-
sure and, flow developed through an orifice at
a given rpm.

3. A frictional dynamometer can be constructed
from an automobile brake and a scale. Mea-
sure the foot-pounds of torque produced at a
given rpm.

bl )

1.5 volt cell

L \
S

4. An experimental or demonstration ,dyna-
mometer for small engines can be const ucted
similar to the one illustrated.

—- Y
When this type of ‘dynamometer is used, the
engine must be started with no load” on the
generator. Once-the engine is operating at peak -
performance, the electrical load is'thrown into the

circuit. The students can (a) record the voltage and

amperage; (b) multiply these readings to determine o

the wattage output of the engine-generator; and (c)
divide this product (wattage) by 746 to determine
the horsepower +

In one Ihigh school the students calculate the

“actual horsepower of automobiles and test the

performance of “tuned” and “untuned” engines by
making use of a highway going over a hill of known

_elevation. By knowing the height of the hill, the

total weight of the vehicle, and the time redqired
to accomplish this run, the students figure the total
foot-pou of ‘work accomplished per minute; by
dividing the total foot-pounds of work per minute
by 33,000, the students figure the average horse-
power actually developed., .
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'SECTION il 1
EAM POWER

Unit N2 STEAM ENGINES AND TURBINES

When water is boiled and changed into steam,
water expands about 1,700 times. If this steam is
collected in a closed container and is not permitted
to expand to its full volume, the pressure (and the

boiling temperature of the water) will increasc.\\

When this pressure is released, it has the potential
to do work. In this way heat energy (used to boil
the water) can be converted into mechanical
_engrgy. The steam can be used to drive the piston

of a steam engine or to drive the bladesof a'stedm™ """

turbine. ,Since the generation of steam is usually

done by burning-the fuel outside the engine, most |

steam engines and steam turbines are external-
combustion engines. Wood, coal, or oil is used as
fuel. Nuclear power plants use heat from a nuclear
reactor to produce steam.
The steam turbine has become one of man’s
most important sources of power. Approximately
<80 percent of all electricity-used in the United
States is generated by steam turbines. Many ships
use steam turbines to drive their giant propellers.
In a large steam turbine, tt‘1e two main parts are
the rotor and the stator. The rotor is a long shaft
on Which are mounted wheels containing a large
number of sets of blades. The stator, which encases
the rotor, contains a large number of fixed nozzles.
" Steam from the nozzles exerts pressure against the

v
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sets of blades, causing the rotor to turn. The

“diameters of both the rotor and the stator are

larger. near the outlet end to allow for the
expansion of the steam. The pitch and size of the
blades vary throughout the length of the turbine so
that the expansive force of the steam is used
efficiently. o - .

Steam also has other valuable functions. It can

be used to heat buildings and clean automotive or -

P R R I R R R R

Live steam , .

Flywheel

Exhausted Piston Steam \
steam -

In the sieam engine of James Watt, the steam Pushes

the piston first on one end, then on the other end, so

that there is power when the piston slides forward as
well as when it slides backward. {
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industrial equipment. At one time the: steam engine

was the source 6f power used in automobiles. At
present, in an effort to use fuel more efficiently
and reduce smog, experiments are being conducted

to develop a compact steam enging or- turbine_that-

can serve as a source of power for the autom/oblle

b Scientific Prmcxple ln_yolved_.: -
A Conversion of Heat " -

Whenevel\a gas. ig . trappeden a. conﬁn’éd con- .
tainer and the temperature is increased, the pres- -

sure increases. This pressure c¢an be used to apply a
force’ Which can ‘move pistons, rofate b]ades or
provide force for other purposes. Steam engmes
and turbines are heat engines using external ¢om-

bustion.. They. are jable to change heat energy to

mechanical energy.

Application of Principle [
1. Demonstrate that the energy of steam can

move an object. Punch holes diagonally from

each other near two corners of a metal (spice)
can. (These holes should be about one-half
inch above the bottom and just around the

. corner on the broad surface of the can.) Put
about. two tablespoonfuls of water in the can
and close the opening in the top. Hang the
can by a thread. Apply heat to the bottom of
.the can. -

2. Construct a simple steam turbine by using a
pressure cooker or a tin ¢an to generate
steam. Fasten a small tube to the pressure
cooker outlet or outlet of the constructed
boiler and direct the steam.to the blades of a

The. energy of steam can be made to move an object.

13

Aturbine_. (The turbine can consist of a few
blades mounted on a small shaft or a squirrel-
cage-type blower.)
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SECTION IV
- THERMAL POWER

&

. Unit 12"~ HIGH-ENERGY RATE FORMING -~

High-energy rate forming*has developed from an
interesting curiosity to a metalworking reality.
There are extensive possibilities for the application
of this proceéss in a wide variety of industries.
High-energy rate forming of metals now includes
. the operations of forming, sizing, flanging, engrav-
ing, compacting, welding, hardening, and con-
trolled cutting. Some of these operations are used
commercially; others are still in the experimental
stage. The matefial used in these operations may be
in bulk, plate, sheet, or powder form. There are
four methods! of high-energy rate forming: explo-
sive, electrohydrauhc, electromagnetic, and
pneumatlc-mechamcal ) '

Low and high explosives are used in explosive
forming.. Low-explosxve powders do not actually
explode but burn at a rate of several hundred feet
per second and are accompanied by the rapid
evolution of gas. Expansion of the gas, through
either air .or some other medium, such as water or a
hydraulic plunger, forces the blank to the contour
of the die. Low - exploswes are used in a closed
chamber. High explosives detonate in a few mil-
lionths of a second and produce shock waves
whose magnitude is in millions of pounds per
-square inch (psi). The charge is suspended in a
medium over the material tq be formed The

32
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medium used to conduct the shock waves is usually
air or water, but oil, plastics, powdered talc, and
clay are also used_ The charge may be shaped to
direct the shock “waves to specific areas of the
blank.- Explosive forming is used in extruding,
forging, shearing, and blanking. Metal and ceramic
powders have been successfully compacted by the
technique of explosive forming.

Electrohydraulic forming is sometimes referred -

to as .hydrospark forming or electric-discharge
forming. The discharge of an elect spark under
water produces a shock wave with a\ﬁ%cmm energy
to form metal parts. Forces equal to 6,000
horsepower (hp) within 40 millionths of a second
are possible at present. The equipment used in
electrohydraulic forming consists basically of a

high-voltage power supply, capacitors' for storing

the charge, a discharge switch, and a coaxial
electrode. The force can be varied by changing the
voltage. The advantages of electrohydraulic form-
ing over many othier forming processes are greater
safety, more precise control, and lower cost.
Another concept in. high-energy forming is
magnetic  forming. Electrical energy produces
magnetism which acts as the forming force. The
magnetic pulses, lasting only six millionths of a
second, exert pressure up to 560,000 pounds per

AN
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square inch. Magnetic forming has three classifica-
tions of forming: ' compression, expdnsion, and
hammer. This forming method has the distinct
advantage of forming material‘without marring or

‘the power source.

scratching the surface thus eliminating further

finishing operations. It can perform as many as 600
forming operations iper hour. Magnetic forming is

used to (1) form tnblng into precise and difficult -

shapes; (2) expand tubing into bushings, hubs, and

-split dies; (3) swage inserts, fittings, and terminals

into many-.different parts, including rope, cables,

.and other parts; and (4) coin, shear, and blank

The Hyge mdchine, built by Convair and used
for pneumatic-mechanical forming, is actuated by
2,000 pounds per square inch of nitrogen. When
the compressed gas is suddenly released from its
storage * chamber, it drives a piston-column

assembly at high velocity into a liquid medium

which acts against the blank in the die. The
machine also has been used to extrude tungsten,
forge ferrous and nonferrous alldys and compact
ceramic and metal powders. Advantages of

- pneumatic-mechanical forming over many other

forming processes are the elimination of explosives
as the: power source and the high repeatability of
the operation.

" Scientific Principles Involved:
Work, Power, Energy, Force

The four methods of high-energy rate forming
covered in this unit deal primarily with the
scientific principles relating to energy, force,
power, and work. Energy is defined as the ability
o do work (or the capacity for doing work). In
mechanics there are two forms of energy, kinetic

"and potential. Kinetic energy is energy due to the

motion of 2 mass. A moving automobile, exploding
gunpowder leavg\g a shell, compressed gas released
from a storage chamber, and an electrical charge
leaving a capacitor all have kinetic energy. Poten-
tial energy is stored energy. A coiled mainspring of
a watch and a charged capacitor have potential
energy. Force produces or prevents motion, It is
also defined"as a push or pull. Work is done wheén

r

force acts -on matter and 'changes its motion .

when force moves an object against an opposing

force. Power is the rate of doing- work. In

high-energy rate forming, the work accomplished

depends upop the energy which produces the

force. :
Application of Principles

High-energy rate forming can be demonstrated
through the use. of an explosive-forming device

o

‘

" base plate, and four

7

- heat-treated SAE 4140 steel.

: -
2 caliber cartridge (blank) as
e explosive-forming device has
four parts: frame,|bolt, explosion, chamber, and
die. (See the assembly drawing.) Power loads
(cartridge-type powder charges) are available in
various ratings: extra light, light, medlum heavy,
extra heavy, and magnum. Medium loads are
'satisfactory for 'use.with sheet metals such as
.015-inch tlnplate .030-inch annealed copper, and
.035-inch - soft -
mcreased by pulling a vacuum in the die cavity;
however, the unit works well enough with only air
relief holes ini the die cavity.

The frame'is made fromr two pieces of SAE 1020
old-finished' steel measuring % "X 2" X 6". The
two pieces should be clamped together during
drilling to maintain alignment. 'Four pieces of
% -inch steel pipe are used for the frame spacers.
The four spacers must be precisely the same length
to prevent distortion of the frame. The top plate,

spacers are assembled and
33)"(16 NC) X 5" machine

which employs a .

secured with four
SCTEWS. ’

The bolt assembly is made froma %" (11 NC) X
3" alloy steel hexagon-head cap screw. The firing
pin and firing pin retainer are made from an
oil-hardened" drill rod and both are heat-treated to
52Rc (Rockwell). If heat-treating facilities are not
available, parts | and 2 may be made from
This material is

Cmachinable and tough enough to serve the purpose

well. The firing pin retainer also serves as the bolt
handle.. The die-centering pin at the bottom of the
frame is a modified %" (16 NC) X %" round-head
machine screw and keeps the die centered in the
frame. -

The explosion chamber is made from 1020 steel.
1t is important to maintain reasonable-concen-
tricity in all machined parts and to leave the
cartridge chamber undersize for later reaming by a
gunsmith. The die cavity is also made from 1020
steel. The size of the air relief holes is determined
by experimentationr.

When all pagts have been completed and before
heat treatment of the ﬁnng pin and firing pin
retamer (if a drill rod is used), the unit should be
assembled, and the assembly should be checked by

_.a-qualified gunsmith. In particular he should check

~ the firing pin length,

33

check the head space, and
ream the chamber for .22 caliber. The charge for
thls service varies, but generally is less than the cost
‘ofa chambenng reamer.

aluminum: Efficiency can be - -



The material to be formed should be cut ‘Eg_

2Y,4inch diameter and placed between the explo-
sion chamber and the die. A power load should
then be inserted into the chamber, this assembly
should be placed in the frame, and the bolt should
be turned down securely L

For safety the unit is ) desngned that the.

explosion chamber is recessed into a counterbare
in the die cavity, and the bolt enters a counterbore

“in the explosion chambe: It is practically-impossi-

ble to discharge a power “10ad unless all parts have
been securely and properly assembled.

. The power load is discharged by striking the

ﬁrm& pin sharply but lightly with a small hammer.

9
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he .expended ‘power load may be extracted with a
" 6-inch pnece of - l/S-u‘lch brazing rod.
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Caution: Place explosnve-formmg device - -
behind wireglass screen or in-metal or
wood container before firing.
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Among the most interesting of the recently
developed tools are powder-actuated. tools. Thesg
tools use energy from the firing of a powder charge
to-drive a fastener into concrete or.steel. Many
attempts were made to use explosive energy for

this purpose as early as the_turn.of the century, but .
not until 1945 was a method developed that was -

commercrally practrcal Today, labor on hundreds

~ of fastening jobs is greatly. reduced by powder- ="’

actuated tools. This method makes use of a
stud-driving tool, a powder charge, and a fastener
(stud). Powder-actuated tools have two primary
functions. First, they set threaded studs into
concrete and steel for fastening removable installa-
tions. Second, they drive nail-like studs through

for making

materials into concrete and steel :
permanent installajiéns.
Since powdepActuated tools make use of -the

high-pressure gases developed by the confined

burning of powder (nitrocellulose propellant), they

are potentially as dangerous as any other form of
explosive. However, improvements in these tools
since they were first introduced havé; made them
relatively safe to operate as long as- the "prescribed
precautions are observed. Because safety is such an
important factor in operatrng powder-actuated
tools, all 0perators must be certified before they
‘tnay fire an explosive tool. To obtain a certificate,
an operator must pass a written test on the safe
operatlon and care of the tool.
“The first safety practice to be observed is to read
and understand the instruction manual provided
-~ for the particular powder-actuated tool before
- .attempting to operate the tool. These manuals
*#describe the components of the stud-driver, the
loading and firing cycle of the tool, the parts list
and parts numbers, the use of the extension, the
use of the shield, ghe proper maintenance of the
tool, and the partrcular precautions to be observed.
All of the safety precautions presented in"a manual
are important and must be observed in order to
prevent injury to the operator or to a bystander.
Certain of these precautions tdke precedence oyer
others. “The general sequence of importance of

these precautions is indicated in the safety instruc-

tions that follow:

1. Use a positive guide to insure allgnment
when setting a fastener through a prevrously
prepared hole in steel

2. Always fire from a {ully sh1eldedgpsrt10n
as protection against ricochet.

N
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Umt 13 — POWDER-ACTUATED TOOLS ) o

3. U an extension only when the safety
control rod is accurately =set to prevent

_ firing at an angle. -

4. Make sure before firing that the fastener
does not have sufficient power to” drive
completely through the material.

S. Always set the-fastener 3 inches or more
from the edge of toncrete. ‘ !

6. Always ‘set the fastener %, inch of more .
from the edge of steel .

7. Use only a factory-recommended fixture
for any special fastening as described in the
manufacturer’s instruction manual. -

8, Allow at least 30 seconds before removing
a tool front the work surface in the event it

does not fire; then remove ‘the powder

charge and dispose of it safely.
9. Be sure the tool is unloaded when not in
. use. If an operator decides not to fire the
tool, he must unload it.
10. Never fire into cast iron, tile, high carbon
steel, or other. hard or brittle materials.

A.

Despite ‘the many \hundreds of apphcatlons
performed daily by a powder-actuated tool, there
are only a few simple basic rules that govern the
system and make it possible for the operator to do
good work. These rules are as follows:

1. Know .the material to be penetrated. If a.

" common nail can be hammered into the
base material, don’t use a powder-actuated
tool.

2. Select the proper fastener for the. job.

" Consider “only “the ‘section -of ‘the fastener-- <>~~~

' that is to be imbedded under. the work

‘surface of the material since the section

above the work surface of the material will
be determined by application requirements.
When selecting a fastener for concrete,
choose one that will penetrate into the
concrete a minimum distance of eight times

P

v

the diameter of the shank of the fastener. -

- . A light-duty fastener with a shank diameter

-of %, inch must penetrate 1/, inches; a
heavy-duty fastener with a shank diameter
of Y inch must penetrate 2 inches. When
selectrng a fastener for steel, remember that
the whole point of the fastener must
appear through the reverse side of the steel
plate: :
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3 When selecting a powder charge to set a tain a balance in the relationship of the
fastener into either steel or concrete, or power of the cartridge to the length and
when determining how far to insert the - diameter of the fastener shank. If a fastener
stud into the barrel, always use the weakest - is selected within the proper limits — that
powder chargeagr insert. the. stod a fair is, eight diameters into concrete or the
- . istance into the barrel for the first fasten- whole point through the reverse side of -
ing. Learn the color codes some manu- - steel — the correct holding powers will
facturers have placed on the powder ' q generally result.
charges, for the different colors.designate ’ . .. : e
powder charges of varying intensity. The ' . Scientific Prommple Involved:
colors should be memorized for immediate © Expansion of Gases
recognition. The power of the .charge is . The propelling force of the powder charge
indicated by the color of .the wads in the -  (nitrocellulose, the successor to gunpowder/black
mouth of the cartridge case as well as on powder) results from the rapid burning and evolve-
the box or container in which they,\are ment of hot gases that exert a sustained forward
packed. - force or pressure on the missile or projectile. The
4. Know the holding power of the fastener. A rapid conversion of the powder charge into hot
. powder-actuated tool is designed to main- ° gaSes that have a larger volume than the volume of
- z -, - ‘

\
-~
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In concrete In steel

= .%\
o)

~

' Threaded stud Threaded stud

’ -The powder-actuated tool {above) utilizes the energy . A
- .. frBm a power source to set threaded studs or drive into concrete ,mto steel
' pins through materials into concrete or steel {USM ' ‘ ’
------ - « Fastener- Company; Shelton,. Conne'ctiwt).w; R .- Y — PP

Drive pin through Drive pin through ' Drive pin through Drive pin th’rdugh
wood into concrete wood intosteel steel into steel steel into concrete .
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the original charge overbalances the restraining v ' Selected References
pressure of the surrounding matter. ,

. Note: The numbers in parentheses in this seclion';refer to
- entries in the list of selected references that appear within

Application of Principle
PP P this publication immediately after the text.

. Since the powder charge and fastener are poten- . . .
tialff as~dangerous as ammunition, the powder- ; L . - age -
acfuated tdol must be operated by a person with ;é% p. 19;‘3-;1158) Article £7; (27), pp. 237-38; * . -
‘an operator’s certificate. A qualified teacher, con- » PP e

struction worker,. or manufacturer’s representative '
should demonstrate the use of this tool. The Note: Operators’ manuals published by, the

explosive-forming device (referred to in Unit 12, manufacturers of Drive-it, Ramset, and Remington
“High-Energy Rate Forming’”) can be used to powder-actuated tools can be obtained from local
demonstrate the propelling force of a powder . suppliers of industrial equipment and -concrete
Aarge. . " fasteners. ' '

AN

/
A

The caseless ‘“‘power-cap” (right) is used in a newly developed
powder-actuated tool to drive pins and studs into concrete and steel. It .
reduces fastening-cycle time; burns cleaner, with no residue; and
eliminates cartridge case ejection. It works as follows (see below): (1)
cap in position, firing pin armed; (2) firing pin releases, squeezing cap
against anvil; (3) heat trapsfer begins; and (4} cap is completely
consumed, energy is ported Xhrough anvil into barrel, activating piston
ram (USM Fastener Company, Sheiton, Connecticut).

.
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Unit\ﬂu — JET AND ROCKET ENGINES

)

Jet and rocket engines are 1nternal-combust10n

engines. They operate through the application of .

Newton’s third law of motion: For every action

there is an equal and opposite reaction. Bumed.

“gases leave the engines with great forces The
opposite reaction is an equal thrust in a forward
direction. As a result the jet or rocket engine is
pushed (thrust) forward, carrying the . plane or
rocket with it.

Jet and rocket engines operate 1dentlcally in
relation to Newton’s law. However, they differ in
the way their fuel is prepared for combustion. A
jet engine sucks in air from the atmosphere and

mixes it with the fuel for burning. A rocket carriess

its own air in the form of an oxidizer and operates
in space, where there is no atmosphere.

The jet engine is defined further as one which
propels i¥elf by the same gases that convert the
fuel’s thermal energy into mechanical work —
turning the air compressor turbine. :

There are three types of jet engines using the
same basic principles of operation: the turbojet,
the turbofan, and the ramjet engines. They are
described as follows:

1. The turbojet or gas turbine engine is thought
of as a “pure” jet engine because it most

€5
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closely follows the abo®. description. In the
turbojet engine, air is brought into the front
of the engine by a compressor. The com-
pressor forces the air into the center section
of the engine, where fuel is added and ignited.
The burning fuel increases the temperature
and the pressure in the chamber. e gases,
therefore, exert a heavy force in all dlrectlons

The compfessor prevents the gas from eségp-

ing out the front. As the gas escapes dut the
rear, it drives a turbine. The 0nly~function of
the turbine is to drive the compressor. As the

gases escape out the exhaust, # forWard pu‘sh o

is given to the engine. This push % ed

‘thrust, which is measared in pounds. T

is, therefore, the forward push (force) result-
ing from the pressure in the combustion
chamber. In the turboprop engine the com
bustion gas turns.a propeller as well as a
compressor. Propulsion power in this' case

comes from'the propeller. The exhausting gas,.

depleted of most of its energy in ating
the prop and the turbine, adds little thrlist to
the turbogrop engine. .

. The turbofan enginey one of the most widely

3

used engines, modifies the operation of the

/

A steam catapult is used to launch a jet aircraft from the USS Coral Sea (U.S. Navy photograph).
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turbojet engine. The \turbofan engine is ableq

to process greater quantities of air, provide
increased thrust, and . operate at lower
temperatures. This improvement is accom-
plished by providing, a bypass around the
combustion chamber for a portion of the
incoming air. This air is shunted to thé'rear of

the engine, where it combines with the heated -

" gases. The mixing of the gases makes more
_ efficient use of the available heat, producmg
greater thrust. -

3. The ramjet engme does- not- evé_n use a
*  compressor,-has no moving parts, and requires
- high speed-befoje it can operate; it cannot be
started from rest. The forward motion of the
engine bringg/in the air. The shape of the
ion/chamber prevents the air already
in the chamber from being compressed by the
incoming air. Fuel is added and ignited, and
thrust is-produced in the same frrannégsas in
the turbojet engine. The mcommg rugh of air
prevents the forward exhaust ‘of the_burned
gas. At high speeds the ramjet engine is more
efficient and trouble free than the.turbojet
. engine; however, the ramjet engine cannot be
. used when the plane is standing still or is
_ traveling at slow speeds. Future jet engines
may take  advantage of both turbojet and
ramjet features. A combination engine called
a turboramjet. engine "has been proposed. It
would take off and operate as a turbojet

engine. When sufficient speed is reached, it

would operate as a ramjet.

The rocket engine uses the same prmcrples of
operation which control the jet engine. However, it

_operates.independent of air, carrying a supply of‘

both fuel.and oxidizer. Since the ‘‘reaction prin-
ciple” of motion does not require atmosphere, the
rocket engine operates <effectively in space. In
operation, oxidizer and fuel are ignited in a
combustion chamber. The -resulting gases are
heated. to a very high temperature, producing a
high pressure. As the gases escape from the rear of
the engine, a- strong forward thrust propels the
rocket.

The same principle of operation that is applied
to the turboprop engmes of planes can be applied
40 gas turbine engines in automobiles. "In these
engines nearly all of the force of the escaping gas is
“gbsorbed by thé“%urbme The turbine serves a dual
function. Part of the energy is used to drive the
compressor brmgmg in the air needed for combus-
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tion.’ However, the larger portion of the enérgy is
used to rotate the airplane propeller when the

‘turboprop engi {Le is used or to rotate the wheels of

the automobile when the gas turbine is used.

Scientific Principle Involved:
“ Newtén’s Laws

- Gas confined within a container exerts pressure
equally in every direction. As long as the container
is sealed, the forces resulting from the pressure are
in balance. If the pressure is relieved at any point,
however, the force at that. point will drop. As a
result the force opposite the reduced force will -
cause movement or apply an unbalanced force in a
direction’ opposite that of the relieved pressure.
This same principle can be identified in a different
manner: for every action there is an equal and
opposite reaction. In the case of gas pressure, relief
of the pressure (by opening the chamber at that
point, exhausting the gas) produces an opposite
and equal reaction. The reaction is a push away
from the point at which the pressure is released.

Application of Principle

1. Newton’s third law of motion (for every
action there is an equal and oppesite reaction)
can be demonstrated by filling a toy balloon
with air and releasing the balloon. The bal-
loon goes forward (reaction) with a force
equal and opposite to the force of the
- escaping air.

2. The principle of jet and rocket propulsion can
be taught by constructing a-small rocket,
using a CO, cartridge as the engine. The
rocket can be operated on a string on the
school grounds. The most important consider-
ation for a good flight is to get a hole
punched in the cartridge and the rocket
released before much of the CO, escapes.

 3.The thrust of a CO, cartridge can be
measured by attaching the . cartridge 'to a

W@l and checking the movement of
the with a dynamometer
| Selected References _

Note: The numbers in parentheses in this section refer to i
entries in the list of selected references that appear within
this publication immediately after the text.

(1), Volume 5, pp. 91825, Volime 7, pp.

1237-39 _Volume 10, pp. 1859-62; (7), pp: 13-14;
(9), pp. 119-20; (13), pp. 192-99, 519; (22), pp.
75-77:(24), pp. 238-43;(26), pp. 233-88;(37), pp.

* 383-91;(54), pp. 507-14;(55), pp. 81-108.
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Unit 15 — GASOLINE TESTING

Two tests used in comparing the power of
gasolines are the Full Load Power- Test and the
Fixed RPM Power Test. The units used in the
measurement are foot-pounds of torque (fpt).

A single-cyclinder engine is generally used in

testing the power of gasolines. The engine fuel-
supply system must be equipped with a quick-
change system, which can be made by fitting the
fuel line with a glass jar lid in a way that will
permit the person performing the test to rapidly
interchange jars containing samples of dlfferent
gasolines.

The engine is equippéd with a tachometer, and
the load is applied by a dynamometer. Readings of
the revolutions per minute (fromthe tachometer)
and foot-pounds of torque (from the dynamome-
ter) are made and recorded for each sample of
gasoline for full load power and fixed rpm power.

Directions
follows:

1. Full Load Power Test. Adjust the throttle and
dynamometer until maximum reddings for
both rpm" and fpt are observed. Record these
readings.

. 2. Fixed RPM Power Test. Adjust the throttle to_

maintain 2,000 rpm while increasing the load
on the engine with the dynamometer. Rgcord
the highest fpt reading which can be obtamed
without dropping below 2,000 rpm.

Today’s best gasoline engines reach an efficienc
of 25 to 30 percent. Higher efficiency of th
engine is obtained by increasing the pressure
(compression) of the fuel-air mixture in the cylin-
der just before it is ignited. However, high com-
pression raises some®difficult practical problems,

,such as making pistons and valves fit perfectly..

Also when the pressure on the gasoline vapor is
suddenly increased by the compression of a piston,
the gas gets hot. In fact, under high compression

. the fuel mixture gets hot enough to explode before

the spark ignites, causing engines to knock. Chem-
ists have developed a gasoline that can be highly
compressed without exploding too soon. High-
octane gasoline is highly resistant to knock; low-
octane fuel knocks easily. A gasoline ls%ated by
" the use of an octane-rating number (ONR). Iso-
octane is given a rating of 100 because it is very
resistant to knocking. Another fuel, heptane, is
given a rating. of zero because it knocks easily. A
mixture of half iso-octane and half heptane (by

for performing the tests are as

e s d

>

volume) has a rating of 50. [so-octane and heptane
are reference fuels used to test and rate unknown
fuels. .

Scientific Principle Involved:
Conversion of Energy

Gasoline (chemical energy) is useful as a fuel for
internal-combustion engines because it is easily
evaporated and very flammable. A mixture of
gasoline vapor and air provided by the carburetor
enters the cylinder, the piston moves up to
compress it, and an electric spark ignites the
compressed mixture. The burning is a fast chenrical
reaction that produces carbon dioxide (CO,),
water vapor, and a large amount of heat (heat
energy). The heat produced expands the CO, and
water vapor, forcing the piston down. The down-
ward movement of the piston (mechanical energy)
turns the crankshaft.

The dynamometer makes use of frlctlon to
measure the torque (twisting rotational force)
produced by an engine. Force is a push or a pull
which tends to produce movement. Friction is the
resistance to movement which is observed when
two surfaces make contact.

. Application of Principle
l. Samples of various grades and brands of

_gasoline should be given the Full Load-Power .. ..

Test and the Fixed PPM Power Test. The.
recorded reading: -nould be compared to
determine what significant differences. of
power have been demonstrated, and the vari-
ous differences in automobile engine design
and conditions which affect its fuel require-
ments should be discussed. Some of the
factors which should be in the discussion are
compression ratios, carburetors, gasoline
octane ratings, spark coils, capacitors, dis-
tributor points, spark plugs, and ignition
wires. Note: Poisonous carbon monoxide is
present in the exhaust gases of a running
engme Good ventilation is a “must” to
prevent carbon monoxide poisoning whenever -
an engine is bemg -operated indoors.

2.A fractlonz;tmg tower can be assembled to
distill petroleum. Note: It is unsafe to heat
petroleum with an open flame above 75
degrees C. Rubber tubes must be connected
from the fractionating tower to the collecting.
bottles. Petroleum warmed to 40 degrees C.
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Petane gasoline

Petroleum
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will produce a vapor\that when condensed
will be pentane gasoline; to 75 degrees C.,
hexane gasoline.

Selected References

Note: The numbers in panilthe:e: in this section refer to
entries in the list of selected references that appear within

™\ this publication immediately after the text.

(16), pp. 100-101, 166-67; (22), pp. 49-59,
165-77; (69), Chapter 6, pp. 1-38; (75), Chapter
20, pp. 1-8.

Unit 16 — CARBURETION

Most American internal-combustion engines use
gasoline as fuel. Gasoline is obtained from petro-
leum and is composed primarily of hydrogen and
carbon compounds. By the mixture,of correct
amounts of gasoline and air and the ignition of this
mixture in an engine, power is produced to drive a
vehicle. The mixing of gasoline and air in con-
trolled amounts is known as catburetion. The
device on automobiles and other units driven by
internal-combustion engines that performs this
function is called a carburetor. The carburetor
performs several specialized functions. The names

and . brief _ descriptions.of these functions are as .

follows:

" 1. Float circuit. The major function of the float
circuit is to keep the bowl filled with gasoline.
As the level of gasoline approaches full, the
float rises and cuts off the ingress feed; when
the float drops, the valve is opened, allowing
the ingress feed to open.

2. Idle and low-speed circuit. This circuit oper-
ates when the throttle isc‘closed or nearly
closed. At this time only a small amount of
air can flow through the carburetor air horn
(air intake), causing a limited mixture to be
supplied to the engine.

3. High-speed, part-load circuit. As the throttle
is opened for high speed, it moves past the
low-speed port -in the carburetor and allows
air to pass the air horn in a sufficient quantity
to furnish a mixture adequate for the
demanding conditions.

4. High-speed, full-power circuit. This circuit is

_ designed to do what its title suggests. The

@mixture supplied is satisfactory for engine

A .

’

operatign from partly open to nearly wide-
open throttle. When the throttle is opened
wide, a metering rod and jet assembly allow
more gasoline to pass a point and provide an
enriched mixture.

5. Accelerating pump circuit. This circuit cdrries
the engine through the closed throttle to
open-throttle transition period. The transition
period is ofter referred to as a “flat spot” in
engine performance. N

6. Choke circuit. This circuit is designeg to cause
the carburetor to deliver great amounts of
fuel for starting when the engine is cold. The

statically, or manually.

A great deal of air passes through the carburetor
and engine. Air is likely to contain a great amount
of dust and grit. Fhese impurities, if they entered
the engine, could cause serious engine damage. All
air entering the engine th?ough the carburetqr must
first pass through an air cleaner. Air cleaners
contain filt&r material (fine-mesh metal threads or
ribbons, special paper, cellulose fiber, or poly-
urethane) or oil reservoirs to remove dust and grit
from the incoming air.

Scientific Principle Involved:
Bernoulli’s Principle

When a fluid is undergoing a change in velocity,
the pressure, measured at right angles to the
direction of flow, is lowest at the point of highest
velocity. A venturi is built in the air tube leading to
the jets in a carburetor. The air movés through the
venturi, causing a low pressure as it reaches the
area of the tube, where the diameter is less

42

" circuit can be controlled electrically, thermo-
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Idle-adjustment needle

- Higﬁ-speed adjustment needle

'High-speed adjustment spring

Choke shaft

b ..,’ ) o
. / A )
\ Return spring
SO
Choke valve v '
' Throttle valve

Choke-valve ball —_Sf

Choke-shaft spring /

Needle and seat

" Float-ever pin %

o @ " | Bowl nut .
. \\‘ —
\

The lllustratlon presemed above gives an exploded view of the carburetor used in the three-wheel
" Cushman truckster and haulster (Cushman Motors, Lincoin, Nebraska).
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Needle valve Idle valve

butterfly
Gasket

The venturi (left) is a constricted tube which causes the velocity of the air to increase and the pressure to
decrease. A carburetor (right) illustrates the use of the venturi (Briggs & Stratton Corp., Milwaukes, V\(isconsin).

AY
(constricted). The air pressure in the liquid con-
tainer (bowl) forces the gas to flow into the tube
and mix with the air, where it becomes jatomized.

Application of Principle
1. Small, single-cylinder engines lend themselves
well to experimentation involving the degree
of combustion efficiency and its effect on the
engine’s operating conditions. Students can
vary (a) the throttle-valve setting; (b) the
Choke-valye setting; and - (c) the mixture
setting. They can then observe the results in
smoothness of operation speed and the quan-

. tity and color of exhaust smoke.

2.Stud_ents can construct a min\ture' wind
tuninel to measure static and dynamic pres-
sures in the venturi. ’

Selected References ,

Note: The numbers in parentheses in this section refer to
entries in the list of selected references that appear within
this publication immediately after the text.

(20), pp. 244-57; (22), pp. 127-11; (27), pp.

224-25; (36), pp. 113-16; (69), Chapter 6, pp.
1-40; (75), Chapter 21, pp. 1-16; (78), pp.
193-214. ¢

Unit 17 — TWONAND FOUR-CYCLE ENGINES ’

The source of power for internal-combustion,
reciprocating engines is heat-formed by the burning
of a combustiBle mixture of petroleum products
and air. In a reciprocating engine this burning takes
place in one or more closed cylinders, each
containing a piston. Expansion resulting from the
heat of combustion applies pressure on the piston.
This pressure forces the piston down, turning a
shaft by means of a crank and a connecting rod.

In the gasoline engine the fuel is ignited by a
spark; in the diesel engine, by the heat of com-
pression. The series of events that takes place to
run the engine may occur in one_revolution of the
crankshaft (two-stroke cycle) or in two revolutions

of the crankshaft (four-stroke cycle). The operat--

ing cycle consists of the following parts:

1. Intake. The mixture of fuel and air is drawn
or forced into the cylinder by reducing the

44

cylinder pressure to less than atmospheric
pressure or by applying an initial, higher
pressure to the fuel charge. o
Compression. The mixture is reduced .in
volume, or compressed.

3 Power. The mixture is ignited by a timed
electric spark (gasoline engine) or by the heat -
of compression (diesel engine). The burning
fuel-air mixture expands, forcing the piston
down and thus converting the generated
chemical energy into mechanical energy.

4. Exhaust. The burned gases are exhausted
from the cylinder so that a new cycle can
begin.

_The diesel engine differs ‘from the gasoline
engine in thdt ‘in the diesel engine air alone is
drawn into the cylinder during the intake stroke
and is then’ compressed to a much higher degree.

2.
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The air is heated by compression. Instead of an
electric spark, a finely atomized charge of fuel is
injected into the combustion chamber, where it
combines with the heated air, causing ignition. The
“power and exhaust strokes are-almost identical to
those of the gasoline engine.

Each movement of the piston from top dead
center (TDC) to bottom dead center (BDC) is
referred to as a stroke. Thus, for every two strokes
of the piston, the crafikshaft makes one complete
revolution, meaning that there will be two.revolu-
tions of the crankshaft for each complete four-
stroke cycle (intake, compression, power, and

-Exhaust

Exhaust

Power

The four-s_1roke cycle of an internal-combustion engine
takes two revolutions of the )
crankshaft.
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Direction of rotation

Fuel-air

mixtur
- - “\ -
Nirection of rotation

-~

Fuel-air /
mixture

“)

. {
The two-stroke cycle of an internal-combustion
engine takes one revolution of the
crankshaft.

exhaust). For the purpose of intake and exhaust,
valves are installed in the combustion chamber.
The opening and closing of the valves must be
synchronized with the movement of the piston on
appropriate strokes.

In a two-stroke-cycle engine, the four events
take place in two strokes of the piston or one
revolution of the crankshaft. Thus, a compressed
fuel charge is fired each time a piston reaches TDC;
each downward stroke is a power stroke. The
incoming fuel-air mixture must be ‘somewhat
higher in pressure than the lowest pressure existing
in the cylinder. The piston is used as an air pump

\.
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for this. purpose; the engines are called “crankcase-
scavenged.”

- -

Scientific Principle Involved:
Expansion of Gases

A very important principle in the operation of
the two- or four- cycle engine is the expansion of
gases or the conversion of chemical energy to heat -
energy to mechanical energy. Energy is defined as
the capacity to do ‘work. The energy is stored in
the molecules of gasoline. When the fuel is ignited,
energy is released’ and produces heat, which_
increases the pressure of the gases above the plston
The piston is pushed down in the cylinder. The
downward movement of the piston turns the
crankshaft.

Application of Principle

1. Have students do as follows:
a. Disassemble and assemble two- and four-
cycle engines.
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~b.Draw on engine sch;matlcs (prowded by
teacher) the flow of air-fuel and exhaust on
.each of the engine types. . .
. c. Identify valves, ports, pistons, rods and
other internal parts.
d. Determine the finng order of an engme
e. Find the compressmn ‘tatio of an engine by
.- using actual measurements. , -
f. Determine engine dlsplacem
ing the bore and stroke. '
2. Calculate actual pressure o
piston as a result of the expanding gases.

t by measur- .
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Single-cylinder, air-cooled, two-cycle engines are used’ to power a saw, pump, bicycle, and spray-gun compressor

(Orline Products, Los Angeles, California).
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The ' recently - developed Wankel internal-
combustion engine is relatlvely ‘small, lightweight,
and inekpensive to manufacture. It.is extremely
versatile: there is almost no limit on compression
ratio, maximum revolutions per minute, type of
fuel feed, and method of cooling. The Wankel
engine is capable of running at high speeds for long’
periods of time. It is very successful in cutting
down friction by a reduction in the number of
moving parts. ‘

As the rotor “pnston of the Wankel engine
turns, it forms chambers between the three sides of
the rotor and the wall of the housing. The shape,
size, and: position of the chambers are constantly
being altered by the rotor’s rotation. Cycles of
intake, compression, power, and exhaust are going
on simultaneously around the rotor when the
engine is running. There are three power impulses
for each rotor revolution.’

As the rotor opens the intake pqrt, which has no
speed-restricting valve mechanism, the fuel-air mix-
ture is drawn in. The rotor contmues turning,
closing the intake port by passing beyond it. Then
the compresélon begins, follgwed by ignition;

" The new Wankel marine engine 'uses twin rotors.

* cycle then takes place,

* .Unit 18 — WANKEL ENGINES

combustion, and expansion for the power stroke
until - the exhaust port is uncovered. The exhaust
again with no speed-
restricting valve mechanism. The entire operation
cycle is thus completed.

Compression Ignition

Exhaust

Expansion

During the combustion cycle' the rotor of the Wankel
engine turns and forms chambers between the three
sides of “the rotor and the wall of the housing
(Curtus-anht Corp.).

X’
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Scientific Principle Involved:
Movement o(f Inertia

A body continues in its state of rest or uniform
motion unless an unbalanced force acts on it
(Newton’s first law ofimotion). A wheel mounted
 on an axle will not start to rotate unless a torque is

- applied to the wheel. A wheel which is spinning
will continue to spin at constant angular velocity
unless a torque acts on it. In both cases the wheel
is in equilibrium. Thus, Newton’s first law of
motion also applies to rotary motion.

A rotating flywheel helps maintain a constant
angular velocity of the crankshdft of a Wankel or
Conventional internal-combustion engine. The
mement gf inertia of a flywheel is large. Torques

Mdo not produce rapid changes in its
angular momentum. As the torque from the
combustion in each chamber or cylinder tends to
accelerate the crankshaft, the flywheel provides a
torque which resists this action. But as the torques
from each chamber or cylinder where compression
is occurring tend to decelerate the crankshaft, the
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flywheel provides a torque which resists this action
also. The flywheel tends to maintain a uniform rate
of crankshaft rotation. ]

A

Application of Principle

The Wankel engine, which has not been adopted

for use in any American vehicle, is being used in
NSU sports cars and marine engines manufactured
iPGermany. Several companies have been licenséd
to manufacture the engine, including Curtiss-
Wright in the United States, Daimler-Benz and
others in Germany, Perkins in England, and Kogyo
in Japan. Most of these companies will provide
drawings and photographs on request.

‘7 R
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Unit 19 — THERMOSTATS

A thermostat is a device that is used to control
temperature. It responds directly to a change in
temperature and is usually set so that it maintains a
desired temperature level. Most thermostats are
used to open or close €lectrical circuits or to
control the flow of liquids or gases.

Thermostats are used in the home to control the
temperatures of heating systems, air conditioners,

-refrigerators, electric irons, stove ovens, and elec-

tric blankets. In the automobile ‘a thermostat
restricts the flow of the coolant in the radiator
until the correct temperature of the engine is
reached. The automobile heater, as well as the

refrigeration system, uses the thermostat as a

temperature-control device. .

One of the most common thermostats uses a
. ‘bimetallic strip that operates on the expansion and
contraction of two different metals. When the
temperature changes, the two metals expand or
contract unequally. This causes the bimetallic strip
to bend in the form of an arc. The bending of the
. strip can be used to open or close a circuit.

In a home-heating system the thermostat is set
to open or close the circuit controlling the valve

_placed in the top of the block t

that turns the heater on or off at the desired
temperature. A similar unit is used in the electric
iron so that the circuit is broken and the iron is
shut off when the proper temperature is reached. If

" the iron becomes too cool, the thermostat closes

the electrical circuit and the iron heats up again.

In the automobile engine the thermostat is
lose off the flow
of coolant when the ;?fé\“fs cold. This closure
causes the engine to ch operating temperature
more quickly. The thermostat operates.a valve so
that, when the engine warms the coolant to the set
temperature of the thermostat, the valve opens to
perrhit normal circulation. Coolant thermostats are
of various types which normally use the expansion
of a liquid or wax to control-the engine tempera-
ture. One type, called a bellows thermostat, con-
tains a liquid that evaporates with increasing
temperature and causes the pressure inside the
bellows to expand and push the valve open.
Anotfler type, called a butterfly thermostat, uses a
wax pellet, which also expands with increasing
temperature to open the valve to permit the
coolant to flow through the radiator.



Scientific Principle Involved:
* Thermal Expansion, -

Heat is the kinetic energy of randomly moving
molecules. Adding heat to a substance causes the
molecules to move more rapidly and produce a
greater tendency for the molecules to overcome

their mutual attracting forces and to move farther-

apart. Different solids have individual rates of
expansion and+ different melting points because
they are composed of unrelated molecules which
are bonded together in different ways. Liquids also
have various exp;mswn rates and boiling points;
but liquids in ggneral expand more than solids
under the same changes in temperature since liquid
molecules move ‘more freely. The molecules of
gases are so far apart and free to move that the
thermal expansion rates for gases are many times
greater than those: for ligrids or solids.

Thermostatic sodl:trols in the form of spiral
springs, sucla f ose used to actuate the heat-riser
valve in the utorﬁobﬂe exhaust system, depend on
the expansion of the metal in the coil to relax the
tension of the spring.

Since brass-expands about twice as much as
steel, bimetallic bars made of these inexpensive
metals, bonded together, make sensitive thermo-
static controls which can also conduct electricity
‘and withstand high temperatures.

G () .
© " Bimetallic .
¥ — /strip -
= i Contact
=) 7 [ on
Contact spring—" points
. (2)
! Bimetallic
ime

-~ strip F
N\ Contact
~a

points

%’J -
Contact spring —

The two different metals in the thermostat expand
unequally when the temperature rises, causing the
closed contact points (1) to open (2).

Thermostatic controls which operate on the -

principle of thermal expansion of liquids and gases
are generally more sensitive than those dependent
on solids because of their high expansion rates.

Gases and vapors are particularly useful in thermo-
stats because their molecules, which are uniformly
distributed, exert their pressure equally in all
directions to all parts of the sealed coiftainer.

Application of Principle

1. Secure one or more thermostats from auto?
mobiles, a container for boiling water,  a
thermometer, and a heat source. Suspend the
thermostat and thermometer in the container
of water and increase the temperature of the
water. Note the action of the thermostat as
the temperature of the water approaches the
temperature stamped on the thermostat.
Record the temperature at which, the thermo-
stat begins to open, continue to observe the
action of the thermostat, and record the
temperature at which it is fully open. Discuss

. the_thermostat as’'a means of control in the
cooling system ‘of . the internal-combustion
engme

2.Conduct ‘the same type of experiment by

using ‘the spiral spring found on the heat riser

in the exhaust system of the automotive-type
‘internal-combustion engine. Note that the
application of heat to this spring will cause it
to actuate the control valve, an action that
can be readily observed when heating the
spiral spring in the automatic choke on a

carburetor. Qbserve that when heat is applied -
to this spring, the choke valve moves from the .

closed to the open position.

.Note other applications of thermostats in
electric irons, circuit breakers, and many
other heat-controlled appliances. Obtain the
thermostat from an electric iron or 3 circuit
breaker from an automobile electrical system
and either connect these units into an elec-
trical circuit with a sufficient load tc actuate
them or apply heat directly and observe their
action.
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Unit 20 — WELDING PROCESSES

Welding is the process of joining metal parts by
directing heat to melt and fuse parts together.
When heat alone is used, the operation is called
fusion welding. In some welding processes pressure

is used to help join the metals. Many welds require -

that extra metal be added to the weld by melting a
metal rod into the molten puddle.

Industry uses welding to fasten parts together
permanently and to -make repairs on broken
" equipment. Many buildings, bridges, and ships are
fabricated by welding. The automobile has parts
that are welded together; in ‘“‘tooling up” for an
automobile, the manufacturer spends considerable
time in arranging for special welding equipment to

fabricate many of its parts. As a means of

fabrication, welding has proven fast, dependable,
and flexible. It has made possible the simplification
of design and the elimination of costly machining
processes. The three most common methods -of
welding are gas, arc, and Tesistance welding.

Gas welding is accomplished by mixing oxygen
and acetylene in-the body of a welding torch and
then lighting the ‘gaseous mixture at the tip. The
oxygen-acetyleéne flame produces a temperature of
6,300 degrees F. After properly. adjusting the
flame, the welder heats the metal part by holding
the flame near the metal until a molten puddle
forms. Then he applies.the welding rod to build up
‘the weld. One of the advantages of gas-welding

equipment is that through the use of “a” special

torch the flame can be used to cut metals. -

“In arc welding the electric power comes from
either an electric generator or a transformer. One
cable from the source of power is connected to the
metal objects to- be welded, and the other is
connected to the holder that clamps the electrode.
The welder strikes an arc by touching the metal
part to be welded with the electrode. The arc
produces a temperature of about 9,000 degrees F.
The operator feeds the electrode into the joint;
. forming a bead as it is moved along the surface.

Spot welding, which is usually a method of
resistance welding, is employed a great deal in
industry to join sheet-metal parts. The pieces of
metal are placed together and clamped under
pressure between the tips of two electrodes. A
large amount of current passes between the elec-
trodes and fuses the metal pieces together at the
point where the current passes through the metal.

Brazing, involving the use of gas-welding equip-
ment, is not considered a method of welding. It is
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called hard soldering since the piece to be brazed is
not melted. Instead, the brazing rod is melted into
the edges of the pieces to be joined. This process is
used in repairing broken parts because there is very
little danger that any of the original parts will be
damaged.

Safety Instructions

|.Obtain permission from your teacher before
using welding equipment.
. Make sure you have ample ventilation. .
_Be sure that you wear welding goggles while
using oxygen-acetylene welding equipment.
All assistants and observers must also wear
welding goggles. ' _
4.Wear a helmet with a proper observation
window, a pair of treated gauntlet gloves, and
a treated leather apron while using electric
welding equipment. All assistants and observ-
ers must also wear this equipment. v
- 5. Keep your sleeves and pants cuffs rolled down
and wear a leather jacket while using electric
welding equipment.
6. Make sure that welding equipment is working
properly and that it is used correctly. S

W N

Scientific Principle Invalved:
Kinetic Molecular Theory

Heat is the kinetic energy of moving molecules.

~-Chemical energy—ré’leased on-the burning .of acefy- . ...

lene in the ox,yacetylene torch is the source of
energy used in gas welding. In the electrical-arc
weld, the heat energy is produced by the acceler-.
ation of electrons and ions in the electrical field; in
the resistance weld the heat is due to the resistance
to” the movement of electrons in the metal. The
purpose of using heat in welding is to increase the
temperature of the metals to the point where the
kinetic energies of the molecules and atoms of the
metals are-sufficient to break the bonds which hold
these particles together in the crystalline structure
of the solid. When these bonds aré broken, the
metal fuses and the particles move more freely in’
the liquid state. On cooling, the particles lose
kinetic energy and resume relatively fixed positions
in the solid state. When these effects occur on the
local heating of pieces of metal held closely
together, as in spot or seam welding, the result is a
strong, solid bond without the addition of more
metal. Addition of molten metal, such as in gas and
arc welding, allows bonds to form between the
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added metal and the fused mefal from the surface

being welded. The: molten metal flows into small .

spaces between the metal surfaces by capillary
action caused by intermolecular forces of cohesion.
In brazing, a different metal with a lower

'melting point is used as the bonding materisl. The -

metals to be brazed are preheated (but not to the
melting point) in order to increase the molecular
motion, which promotes better penetration of the
molecules of the solid metal surfaces by the
molecules of the molten metal. The bonds in solids
between unlike molecules (adhesion) can be as

strong as or stronger. than the bonds between like _

molecules {(cohesion). The molten metal used in
brazing flows into the small spacing between the

- metal pieces by capillary action, which is due both

to the strong attraction (adhesion) between the
molten metal and the solid metal surface and to
the high surface tension (cohesion) of the molten
metal.

Application of Prinéipie o T

1. The most effective approach to the applica:

tion of welding and brazing is to learn the

basic technical information and acquire the

skills involved in the welding*and brazing
process.

2. A demonstration .of both the gas- and arc-
welding processes should include the setup
and adjustments necessary for each partlcular
welding operation.

3.An aid which will allow the development of

the necessary manipulative skills without the

actual use of electrodes, welding or brazing
rods,” or oxygen and acetylene is a l-inch
dowel or stick approximately 14 to 16 inches
in length. A hole is drilled ir which an
ordinary graphite pencil will fit snugly. The
hole should be at an angle which approxi-
mates the position of the welding torch. or
electrode. By an adjustment of the length of
the pencil ‘to correspond to either a torch or
an electrode, the basw patterns and strokes
_ may be practiced or™a piece of paper
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Unit 21 — DRY CELLS: PRIMARY CELLS

One of. the most common sources - of electro-

‘chemical energy is the dry cell (primary cell).

Electrical devices such as flashlights, portable
radios, and warning flashers on the highways are
usually powered by dry cells, which are convenient

-and- flexible power- suppliers.. Regardless of size.a

zinc-carbon single dry cell produces 1.5 volts of
direct current (DC). The cell is most often made
from (1) zinc, which ‘is one of the electrodes and
serves as the shell or container; (2)a carbon rod,
which is the other electrode and extends through
the center of the cell; and (3)an ammonium
chloride paste, which is the electrolyte. The'top of
the cell is sealed to prevent evaporation of the
moisture in the electrolyte, and the zinc shell is
usually encased irgsteel or heavy paper. Proper care
and intermitggnt; use extends the life of this source
of electrical efﬁ'fg '

In recent yedysgthe dry cell has been improved.

“One of these improvements is the so-called mer-

cury cell. The hegative electrode of this cell is
made of an amalgam of - powdered zinc and
mercury, pressed into shape. The depolarizer is
composed of mercuric oxide and graphite powder.
The -zinc-mercury amalgam cuts down local action,
and the graphite helps reduce the internal resis-
tance of thé cell. Mercury cells};ﬁe a considerably

longer life than the ordina\ry zinc-car‘bon-amm'o-
nium chloride dry ¢ell. -

Scientific Principle Involved: - |
Conversion of Energy

... The. dry.-cell_produces an electric current by

- converting chemical energy into electrical energy.

The ‘tonventional dry cell” consists of ‘a negative
electrode (Zinc case) and a positive electrode
(carbon rod). Electrons must pas§ from the nega-
tive to -#he positive electrode (external circuit)
before electrical energy is produced. A chemical
substance (ammonium chloride) in' the zinc con-
tainer reacts with the zinc, forming zinc ions and
liberating electrons. This reaction is very slight
untj} the positive and negative electrodes are
connected together in a circuit. When the circuit
has been completed, the chemical reaction
increases, and the electrons steadily move from the
negative to the positive electrode through the
external circuit. At this time hydrogen bubbles
attempt to form a coating on the carbon electrode.
Another chemical (manganese dioxide) is provided

, to dispose of these hydrogen bubbles in order that
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the chemical reaction may continue. The move-
ment ‘of electrons will continue until most of the
zinc is consumed by the reaction.

52
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A crdss-sectional view of a zinc-carbon-ammonium
chloride dry cell shows the components (Natiofal
Carbon Company, Inc.).

Application of Principle
1. Fresh dry cells and cells that are in .various
states of deterioration can be given an approx-

~imate ~test by cbnnecting them" in ‘a""cifcrl;ié/

with a 1.5-volt light bulb. and observing
intensity of the light. A more accurate test

can be made with a battery tester which .

measures volts and amperes. Zinc-carbon cells,

<

Depolar- -

regardless of their size, dgliver 1.5 volts.
However, larger cells deliver more current. A
fresh No. 6 dry cell delivers about 25
amper$s, a penlight cell about three amperes.
The ammeter.test should be made only when
necessary, and then as quickly as\pdssible,
because the drain of the current reduces the
life of the cell. Note: Deteriorated cells are
likely to expand qr leak. They should be
removed from flasﬁlights and other devices.
When dry-cell-powered equipment is stored,
the batteries should be removed.- A dry cell

should be put into use before the expiration- -

date that is stamped on the label.

2. The chemical action of a supposedly dead cell
may be restored temporarily by punching a
number of holes in.the case and letting it

__~stand in water for a short time. However, cells
restored in this manner are of little practical

-

use because they are only partially. restored,

their life is short, and they leak.

3.Dry eells in various states of deterioratiq& \_
to

may be displayed, attention being directed

* swelling, perforation of the container, and

corrosion. Cells may be cut in half to show
their internal structure. ’
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Unit 22 — STORAGE BATTERIES: SECONDARY CELLS

The storage battery is an electrochemical device
for converting chemical energy into electrical
energy. It consists of a number of storage cells
connectedgin series. A storage cell is a secondary or
voltaic cell that can be restored or recharged

repeatedly. Storage cells of three types are now in -

general use: the lead-acid cell, the Edison cell, and
the nickel-cadmium cell. Thelead-acid storage cell,
used in the batteries of automobiles, airplanes,
trucks, motorcycles, and other equipment requir-
_ing a portable source of electrical energy, is by far
‘the most widely used type. The electromotive
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force (emf) of each lead-acid cell is abproximately
2.2 volts. ) con

~

Lead-Acid Battery

Active materials within the lead-acid battery
react chemically to produce direct current (DC)
whenever lights, radio, starting (cranking) motor,
or other current-consuming devices are connected
to the battery circuit. This current is produced by
the chemical reaction between the active materials
of the plates and the sulfuric acid of the
electrolyte. '
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The battery performs-three functions in automo-
tive applications. First, it supplies electrical energy
for the starting motor and for the ignition system

- as the engine is started.-Second; it intermittently.

supplies current for the lights, radio, heater, and
other accessories when the electrical demands of
these devices exceed the output of the alternator.
Third; the battery acts as a voltage stabilizer in the
electrical system. Satisfactory operation of the
vehicle is impossible unless the battery performs
each of these functions.

The internal construction of a lead-acid storage
battery is such that a highly, reliable power source
is provided. Two types of plates, one positive and
the other negative, are the basic units. These plates
consist of chemically active materials contained in
grids. The grids are flat, rectangular, lattice-like
castings. Each grid is designed specifically to hold
the active materials. Once the grids have been
pasted with the active materials, they are called
plates.
plates are then said to be ‘‘charged.” Charged
negative plates contain sponge lead (Pb), which is
gray in color. Charged positive  plates contain lead
peroxide (PbO,), which has a dark brown color.

During the manufacturing process these
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Cell connector

ical 12-volt Iead-acnd storage battery illustrates mtamal cell connections

Safety lnstructlons

1. Obtain permission from ~your teacher
before serwcmg or chargmg a storage

battery C e e S

2. Wse proper instruments for testmg a storage
battery..
3. Avoid overfilling a battery, espec1ally ifitis
to be charged.

4, Use water and baking soda (a neutralizer):
to clean off the top of a battery.

"5.Remove and transport a battery with a

. battery lifter. -

6. Handle battery or acid with care. Wash
immediately any part of your body or
clothing that comes in contact with acid.

7. Wash hands immediately after handling a
battery.

8. Wear goggles when using a charger.

9. Provide ample ventilation when using a”
charger.

10. Remove cell covers before chargmg a bat-
tery, unless the covers have other instruc-
tions upon them.

11. Keep open flames and sparks away from a
battery being charged
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-12. Turn off charger before disconnecting leads
~ (wires) from charger to battery.
13. Replace cell covers before moving battery.

Scientific Principle Involved: -
- Conversion of Energy )

Electromotive force (emf) can result from the
_immersion qff. certain pairs of dissimilar materials
into the proper electrolyte. The lead-acid storage
battery is a combination of negative plates of
sponge lead -(Pb) and positive plates of lead

. peroxide (PbO,) immersed in an electrolyte of

sulfuric acid (H,SO,) and water (H,0). When the
terminal posts®are connected to form a complete

circuit, a movement.of electrons will result from -

the chemical action. This chemical reaction is
between the active materials of two different kinds
of plates and the electrolyte. _ :

12 volts

6 volts ‘J .
—N\ - a

2v |2v |2v i2v”~2v i2v

24 volts }— —7.

r -

o—n
. 12 volts

0 1

12 volts

-

Each cell in a lead-acid storage battery has a potential
of approximately 2 volts (actual potential is 2.2 volts
per cell). Batteries containing three cells connected in.
series are 6-volt batteries; six cells connected in series
are 12 volt. Applications requiring higher voltages use
combinations of batteries, such as two 12-volt
batteries connected in series to obtain a 24-volt
systenf. ) )

é

"

During the chemical reaction the'oxygen (0,) of
the lead peroxide (PbO,) of the. positi\% plates
combines with the hydrogen (H,) of the sulfuric
acid (H,SO,) to form water (H,Q); the sulfate
(8O,) from the sulfuric acid (H,SO;) combines
with part of the lead (Pb) of the lead peroxide to
form lead sulfate (PbSO, ). Also, a chemical change
takes place at the negative plates. The lead (Pb) of
the negative plate combines with the sulfate (SO, ) -
of the, sulfuric acid (H;SO,) in the electrolyte to
form lead sulfate (PbSO,), which is the, same
material as the positive plates. The excess electrons
transferred from the positive plates to'the negative

I
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-

.- ¢
plates cause)imbalance which is corrected when
the circuit is completed and the electrons move
through the external circuit to the positive plates.

.

Application of Principle

I. A lead-acid cell can be made by placing parts
of two #ates (positive and negative) from a
discarded storage battery in a dilute solution
of sulfuric acid. When the plates are immersed
in the electrolyte, little or no chemical action
occurs. However, when the plates are con-
nected in series with a 1.5-volt lamp, chemical
activity will take place. Note: The use of an
acid-resistant container of glass or plastic will
make - it possible to observe the chemical
activity. ‘

2. A simple voltaic cell can be made by inserting
a strip of brass and a strip of galvanized iron
(or a clean copper penny and a silver dime)
-into a lemon. Check current flow between-
strips or coins with a galvanomenter.
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“ o Electrolysis, 3

industry; such as in the mimufacturing of chlorine
and fluo’l’ine gases, in_electroplating, and in the
extracting of .@luminu/r\n“?ind certain other metals
from their, ores. However, electrolysis can occur
where it is not desirable; for example, during the
charging of a storage battery. If the rate during
chdrging- (amperage rate of current flow) is too
high, thie battery will heat, producing an excessive
amount of explosive gas (a mixture of hydrogen
and oxygen) by electrolysis. These gases are also
produced when the. battery is overcharged (when

.charging is continued after the battery has a full

charge). When a storage battery is being charged,

" the manufacturer’s recommended charging rate
_ should be followed; the charging should be done in

a well-ventilated area, away from heat, sparks, and
open flame. ) - '



Refer to the safety instructions previously men-

tioned in thrs unit.

Scientific Principle ﬂwolved:
Electrolysis

When an electrolytic cell (cell of a storage
battery) is connected to a direct-current source,
“such .as a battery chargér, the cathode (negative
plate) becomes negatively charged and the anode
(positive plate) positively charged. Positive ions
move to the cathode, where they acquire electrons
from the cathode and are discharged. Negatively
charged jons move to the anode and are discharged
by giving-up electrons to the anode. The loss of
electrons by the cathode and the acquisition of a
like number of electrons by the anode is, in effect,
the conduction of electricity through the cell. The
conduction of electricity through an electrolyte,
together with the resulting chemlcal changes, is
called electrolysis.

Application of Principle
The explosive nature of the hydrogen and

oxygen gases produced through electrolysis when a
storage battery is charged can he demeonstrated by

‘capturing the gases anu igniting themn in a safe

manner. The demonstration can be conducted as
follows: )

I. A “‘cannon™ :zan »oe constructed to ¢emon-

strate the potzntial hazard of a spark igniting

gas given off from a storage battery oeing

¥

c Spark
N Pipe barre! P plug ~
i ~ 1
Jeb
® Switch
Ignition
' coil

Storage battery
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charged. An 18-inch length of 1% -inch pipe is
capped at one end. The cap is drilled and
tapped for a 14mm spark plug. This unit can
be mounted on a stand.- One terminal of a
storage battery is connected by a length of
No. 12 wire to a primary terminal of a 12-volt
ignition coil and the cannon barrel (pipe). The
other battery terminal is connected with No.
12 wire through a push-button starter switch
to the other primary terminal of the ignition
coil. The high-tension terminal is consiected
to the spark plug. Then the cannon barrel is
placed for about five minutes over a cell

. opening of a battery that is charging and
gassing freely. The cannon is then.removed
and placed at a demonstration location. The
starter button is pressed to ignite the accumu-
lated gas.

2. A simple means of capturing the gases pro-
duced during the charging of a storage battery
is to insert®in the cell openings of the battery

7 rubber stoppers (with a hole in the center of
each stopper for a glass elbow for the end cell
and T joints for the others). The glass tubes
are connected in series by the use of pieces of-
rubber tubing. This series. hookup is then
connected by a rubber tube that leads to a
shallow pan partly filled with water. If all
tubing connections are tight/and the battery is
charging, gas will bubblg/slowly from the
submerged end of the tubing. After sufficient
time has elapsed (§en rﬁmutes to half an hour)
for the gases from the battery to replace the
dir in the tube, gas samples may be collected
in small jars or wide-mouth bottles (2 to 8
ounces in capacity) by water displacement. So
that the gas can be burned or exploded safely,
the inverted jar is lifted from the pan, covered
with a glass plate, and placed right side up on
a table. At arm’s length from the jar, the glass

. plate isremoved and a burning match is thrust
into the mouth of the jar. Pure hydrogen
pops;, then burns quietly with an almost
invisible flame. Hydrogen mixed with oxygen
or air explodes with a pop or a shriek,

. depending on the composition of the mixture.
Note: Use only a small, wide-mouth bottle or
jar for this demonstration..Do not collect gas
"in a large container and do not explode gas in
a confined space, such as a bottle with a
narrow neck or a bottle with a stopper. Do
not attempt to light the gas at the end of the
rubber tube
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Note: The numbers in parentheses in this section refer to
entries in the list of selected references that appear within
this publication immediately after the text.

(9), pp. 46-47;(13), pp. 280-81;(27), pp. 498-506;
(37), p.294.

Hydrometer Test

Each cell of a lead-acid storage battery contains
balanced quantities of positive active material,
negative active material, and sulfuric acid. The
sulfuric acid is diluted with water, and the solution
is called the electrolyte. When the cell is fully
charged, the active materials are free of sulfate, and
the strength of the electrolyte is at itg' maximum.
When a cell dischargés, the active materials react
with the sulfuric acid in the electrolyte, and lead
sulfate is formed on the plates. This reaction
gradually lowers the strength of the electrolyte.
Since the strength of the electrolyte varies directly
with the state of the charge of the cell, this
strength offers a convenient basis for- estimating
the state of the charge. To determine approxi-
mately the state of charge and how much energy is
available from a battery, one needs only to
measure the specific gravity of the electrolyte.

Specific gravity can be measured by means of a
battery hydrometer. In the. taking of ‘a specific
gravity reading, it is important that the float be
freely suspended in the liquid, not touching ‘the
walls, top, or bottom of the barrel. It is important
also that the eye be approximately at the liquid
level when the reading is taken. Specific gravity
readings are affected by temperatures; 80 degrees
F. is the accepted standard. For every 10 degrees
of electrolyte temperature above 80 degrees F.,
four gravity points (.004) must be aedded to the
gravity reading. This addition compensates for the
loss of gravity caused by expansion of the liquid as

its temperature increases. For every 10 degrees of

electrolyte temperature below 80 degrees F., four
gravity points must be subtracted from the gravity
reading. This subtraction compensates for the gain
in gravity caused by the contraction of the liquid
as its temperature decreases.

Refer to the safety instruction previously listed
in this unit.
Scientific Principle Involved:
Specific Gravity

All liquids have weight; some weigh more than
others. The weight of a unit volume (e.g., cubic

centimeter) of a liquid is called its density. When
the density of one liquid is Gompared to a
standard, the relationship is called the liquid’s
specific gravity. All liquids are compared to water,
which is given a specific gravity of 1.000. If it is
found that 1 cubic centimeter of iron weighs 7.6
times as much as 1 cubic centimets ater, it is
said that the specific gravity of iron is 7.6. An
object placed\in a container of liquid is buoyed or
lifted by an amount equal to the weight of the
liquid it displaces; this is called -Archimedes’ ’
principle. The denser the liquid, therefore, the
greater is its buoyant force on the object. For
example, as sulfuric acid is denser than water, a
mixture containing more acid, as in a fully charged
battery, will buoy a floating object higher than a
mixture contdining less acid, as in a discharged
battery. A hydrometer uses a calibrated (specifi-
cally marked) float that measures the density or
specific gravity of a liquid compared to pure water.
Thus, this instrument will measure how much acid
is mixed with the water in a battery by weighing
the mixture — that is, more acid makes the float
. rise higher and less acid lets the float sink deeper.
The. markings on the calibrated float give the
# specific gravity of the mixture compared to pure
" water. .

‘Do not‘d—r w
in too muchff
electrolyte.

Float must
be free.”

Take reading
at eye level.

The hydrometer is used to measure the specific
gravity of the storage battery electrolyte
(Delco-Remy Division, General Motors Corp.). '

Application of Principle )

1. Information concerning the hydrometer can
be applied by testing a storage battery (prefer-
ably one recently removed from an automo-
bile). In the performance of the test, care
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must be taken to avoid splllmg the electrolyte
because it contains’ sulfurié acid, which can
burn a person’s skin or destroy his clothing. If
spilling should occur, the acid should be
washed off with plenty of water. The hands
should always be washed immediately after a,
storage battery has been handled.

2. A hydrometer can be used to meas,ureétest
antifreeze 'solutions and crude oil.

Selected References

Note: The numbers h parentheses in this section refcr to -
entries in the list of selected references that appear within -
this' publication immediately after the text.

(7), p.39; (22), pp. 357-58;(27), p. 207;(47), p.
237;(71), p. 28;(86), p. 48.

.

Battery Installation and Servicing

A storage battery is designed to withstand
normal operating conditions; however, excessive
mechanical abuse .will lead to early failure. Mechan-
ical abuse often occurs during installation. So that
a battery might be properly installed, recommen-
dations for installation are given as follows:

1. Before installing the battery, check for proper
battery polarity with respect to the .vehicle’s
specifications. ‘‘Ground” polarity is usually
indicated. Avoid reversed polarity during
installation by marking cables as to their
polarity when removing the old battery since
reversed battery polarity may cause serious
damage to the electrical system. Remember
that the positive battery terminal post is
larger than the negative terminal post. Note:
When installing batteries, disconnect the
“grounded” cable at the battery terminal first
and reconnect it last to avoid damage to the

% battery and wiring by accidental “grounds”

2. Be sure that the battery carrier and hold-down
device are clean and that the new battery rests

- level when installed.

3. Tighten the hold-down device until it is snug;
however, do mot draw it tight enough to
distort or crack the battery case.

" 4. Be sure that the cables are in good condition -

and that the terminal clamps are clean.

-5. Clean the battery terminals with a wire brush
before attaching the cable clamps. Do not
pound the clamps onto the battery terminals.
When tightening cable nuts, use the wrench

carefully to avoid twisting and damaging the
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cell cover.
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6. Make sure that the cable terminals are clean
and tight at the engine or frame and also at
the cranking motor switch and solenoid.

Overfilling

Loose

hold-down
Sealing
compound
. defect
connector ‘
corrosion
Cracked
case

Cracked
cell cover

electrolyte

The importance of periodic battery service
cannot be overemphasized. With a reasonable
amount of attention and care, the useful life of the
battery can be greatly extended; neglect and abuse,
however, will shorten its life. Any servicing and
maintenance program should include the following
points:

1. Inspect the battery thoroughly for defectlve
cables, Slhgse connectors, corrosion, cracked

/ca§és covers, and loose "hold-down
devices.

2. Check the electrolyte level periodically, par-
ticularly in hot weather, and add pure water if
necessary to bring the liquid to the required
level in each cell. Overfilling should be
avoided, as this will cause the loss of electro-
lyte, resultmg in excessive corrosion, reduced
battery performance, and shorter battery life.
Allowing the electrolyte level to drop below
the .tops of the plates will cause the exposed
plate material to become dry and chemically
ihactive. Also, the high concentration of
electrolyte remaining in the battery will cause
permanent damage on the plate area below
the electrolyte level, causing poor battery
performance and shorter life. |

If the battery requires the addition of
an .excessive amount of water in normal ser-
vicé, an overcharged condition is-indicated.
Some water usage is normal, usually 1 to 2
ounces per battery per 1,000 miles of service,
depending on the type of service and prevail-
ing temperatures. If the water usage becomes

/
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_voltage-regulator setting should be suspected
as the most likely causes. If very little water is
used\over three or four thousand\ ymiles of
service, an undercharged battery may be
indicated. Allowing the battery to remain in
an undercharged condition for excessive per-
iods may result in plate sulfation and perma-
nt damage. The cause of the undercharged

exﬁssive, high battery temperatures or a high

order to insure optimum battery life. .
. Periodically, clean the Battery top, posts,

- Battery Testing

The storage battery may be tested to determine
if it is in good condition or if it is defective or

. worn out and must be replaced. Before the

condition should be immediately correctéd i in,

performance of any electrical. checks, a ‘visnal
inspection should be made to reveal any obvious
defects. If the case or covers are cracked or if the
battery has unusual odors or is otherwise damaged,
the battery should be replaced. .
» The lightoad test and the hydrometer test

| (which was explained earlier in this unit) should be

cable clamps, carrier, and hold-down device -

with a dﬂuted ammonia or soda sofutjon to
remove corrosion and ‘other foreign matenal
After cleaning, flush with clean water_and
apply a thin coating of petroleum jelly to the
cable clamps and posts to retard corrosion.
Tighten the hold-down device so that the
battery will not shake in the carrier, but avoid

over-tightening to avoid. possible damage to -

-

the battery case. -
Refer to the safety instructions previously listed
in this unit.

Scientific Principle Involved:
Corrosion and Oxidation:.
The term corrosion may be-used to denote the

" chemical change which takes place when a metal
combines with oxygen. (Examples include the
formation of an oxide scale on steel heated in air
and of hydrous oxide rust on iron exposed to
water or damp air.) Chemical change also occurs
when metal comes into contact with an acid. The
heat given off by an “internal-combustion engine,
moisture in the air, and the spﬂlmg or spraying of
an electrolyte cause the corrosion of battery
terminals, cable clamps, and holders.

Application of Principle’

Skills can be applied and knowledge extended
through the installation and servicing of storage
batteries. Servicing can be made of batteries
installed in automoblles or recently removed from
them.

Selected Referex{ces

Note: The numbers in parentheses in tlns section refer to
entries in the list of selected references that appear within
this publication immediately after the text.

(4), pp. 110-11;(22), pp. 359-63;(69), Chapter 19,
pp. 13-14; (71) p. 28;(75), Chapter 36, pp. 19-24
(78), pp. 247-57.
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performed on bagteries having individual cell cov-
ers.  The. light-load test is.simple, quick, and
accurate; it should be applied to. batteries before
they are charged. Otherwise, defective cells may
pass the test and.cause a false diagnosis. An
expanded scale voltmeter (one that has .01 volt per-
scale division) is needed for this test. /

To check the electrical condition of battery cells
using the light-load test, first check the electrolyt
level ih each cell. If necessary, raise it to the proper
level by adding pure water. Then, if the battery is
in the vehicle, place a load ap the battery by
holding the starter switch on for'three seconds or -
until the engine starts. If the engine starts, turn off -
the ignition immediately. If the battery is out of
the vehicle, place a 150-ampere load on it for three
seconds. Next, turn on the headlights (low beam);
or, if the battery is out of the vehicle, place a
10-ampere load on the batte fter one minute,
with lights still on or the 10fampere load still
connected, read the voltage of ®ach battery cell
with a voltmeter, noting the exagt voltages. It is
necessary to remember only the highest and loWest
cell voltages. .

The condltlon of the battery can be determiﬁed A
by noting the difference in voltage readmgs '
between the individual cells as_follows.-—;

1. If any cell reads 1.95 volts or more and there

is a difference of .05 volt (ﬁge ‘divisions) or
more between the highest and-lowest cell, the:

battery is defective, damaged, or worn out ..’ °

and should be replaced.

. If any cell reads 1.95 volts or more and the
difference between the highest and lowest cell
is less than .05 volt (five divisions), the
battery is good and sufficiently charged.

. If cells read both above and below 1.95 volts
and the difference between the highest and
lowest cell is less than .05 volt (five divisions),
the battery is good but requires charging.



If all cells read less than 1.95 volts, the battery
state of charge is too low to test accurately.

Boost-charge and repeat the light-load test. Boost- '

charge all 12-volt batteries rated at 100 ampere-
hours or less at 50 amperes for 20 minutes (1,000
ampere-minutes). Charge all other batteries, both
6-and 12-volt, at 60 amperes for 30 minutes (1,800
ampere-minutes). If none of the cells comes up at
1.95 volts after the first boost charge, the battery
should be given a second boost. Batteries which do
not come up after a second boost chaf8€ should be
replaced. If the charger being used wi 1 not give the
rate - specified, charge for an equal number of
ampere-minutes at the next lower rate available.
For purposes of the light-load test, do not boost a
battery more than the amount indicated. If the
battery is found to be good after boosting, it
“should be fully recharged' by the slow-charge
method before being placed in service.
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was explained earlier in this unit) may be used on
batteries. In the specific-gravity cell-comparison
test, the specific gravity of each cell, regardless of
state of charge, is measured'arjd interpreted. If
specific gravity readings show a difference between
» the highest and lowest cell of .050.(50 points) or

more, the battery is defective and must be ‘-

replaced.

The “421” test isa specific, programmed test-
procedure consisting of a series of timed discharge
and charge cycles that will determine the condition
of the battery with a high degree of accuracy in a

very short period of time. The “421” testers, -

which are manufactured by a number of different
suppliers, automatically subject the battery to the
programmed “421” test. The 421" testefS? when
used in the procedure as outlined in the chart that
follows,. will in two or three minutes accurately .
determine the condition of any 12-volt unit regard-

The 421 test, the specific-gravity "-cell-" . less of size, in-of -out¢of the vehicle, in any state of,
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. , _ »
- Refer to the safety instructions previously listed
in this unit.

Scientific Pnnclple Involved:
EMF and Capacity Rating

The lead-acid storage battery for automobiles
with 6-volt electric systems is three 2.2-volt cells
connected in series. The emf is approximately 6.6
volts. Six ‘cells are connected in series to make up
the battery for 12-volt systems.

The quantity of chemical energy stored in a
battery depends on the magnitude (greatness) of
the charging current and the time the current flows
to bring it to a fully charged state. The capacity of
a battery is usually rated in ampere-hours. One
having a capacity rating of 90 ampere-hours could

,supply a current of 1 ampere for 90 hours, 2

amperes for 45 hours, 3 amperes for 30 hours, and

soon. |

Application of Principle - ’
The procedures provided in this section can be

used in testing storage batteries installed in vehicles

or recently removed from them.

Selected References

Note: The numbers in parentheses in this seetion refer to
entries in the list of selected references that appear thhm
this publu'atton immediately after the text.

(22), p.;204; (26), pp. 298-99; (27), pp. 469-72;
(33), p..26;(47), pp. 234-35; (65), p. 198;(86),
pp. 46-47. .

Battery Charging

There are two basic methods of recharging
batteries. One is the slow-charge method and the
other is the fast-charge method. As the names
imply, the methods differ in the Iength of time the
battery is charged and in the amount of charging
current supplied. Before any battery is recharged,
the cells should be checked and water added :.’
necessary to bring the electrolyte to the proper
level. Periodically during the charging process, the
temperature of the electrolyte should be measured;
and if the temperature exceeds 125 degrees F., the
charge rate must be reduced or temporarily halted
to avoid damage to the battery. The electrolyte
temperature should never be allowed to exceed
125 degrees F.

The slow-charge method supplies the battery
with a relatively low charging rate foralong period
of time. The charging rate should be 7 percent of
the ampere-hour rating of the battery. Example.: If
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* in this unit.

the ampere-hour rating is 60 a.h., the charge rate
should be 4.2 amperes or, for all practical pur-
poses, 4 amperes. If the ampere-hour rating of the

battery is unknown, the charge rate should be 5
amperes for passenger-car type batteries and 9
amperes for heavier batteries. Charging periods of

“24 hours and more may be needed to bfing the

battery to full charge. The battery is fully charged
when the cells are gassing freely and no change in
specific gravity octurs over a- one-hour period.
Sulfated batteries (that is, batteries which have
stood in a discharged condition for long periods of
time without recharging) may require three or four
days of slow charging in order to bring the battery
to a fully charged condition. Batteries which are
permanently sulfated can never be restored to a
normal operating condition, regardless of the rate
of charge or the length of time the charge is
applied.

The fast-charge method supplies the battery
with a high charging rate for a short period of time.
Charging rates of 40 to 70 amperes are common,
with charge periods varying from 1% to 3 hours,
depending on battery type and size. . The high
charging rate may be continued for as long as there
is no electrolyte loss and the electrolyte temper-
ature does not exceed 125 degrees F. Because of
the short charging period and the high charging
rate, the plates are not fully converted to lead
peroxide (PbO,) and sponge lead (Pb). This defi-
ciency means that a battery cannot be fully
recharged by the fast-charge method although it
can be substantially “boosted” or recharged. For
the complete recharging of the battery, the fast-
charge procedure should be followed with a slow
charge for a few hours. When fast chargers are
used, the safeguards built into the charger by the
manufacturer should never be ignored or circum-
vented as these saféguards are intended to protect
the battery from damage. It is important to
remember that an explosive mixture of hydrogen
and oxygen gases is formed when any battery is
being charged. As the mixture escapes through the
battery vents, normal air circulation usually carries
the explosive mixture away. But if circulation is
poor or if the battery is being heavily charged, the
explosive mixture may accumulate near the bat-
tery. Since a spark or flame can ignite the mixture
and cause an internal battery explosion, care
should be taken to avoid sparks argd flame near the
battery. :

Refer to the safety mstructlons prev1ously listed

*
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" Scientific Principle Involved:
Chemical Change ’

The sulfuric acid electrolyte contains both
hydrogen ions (H+).and sulfate ions (SO,4-). The
negative plate, which is sponge lead, reacts with the
sulfate ions in the electrolyte to produce a deposit

of lead sulfate. During this Teaction electrons are’

. released; they move through the external circuit to

provide electric power for the starter, lights, and
other electrical equipment of the internal-combus-
tion engine unit. The lead peroxide of the positive
plate reacts with the hydrogen and sulfate ions of
the electrolyte to form water and a deposit of lead
sulfate. '

When the external circuit is open, the movement
of electrons is interrupted,. causing both chemical
reactions to stop. If the circuit is closed for a long
period of time without the benefit of a charging
current, the reactions will continue until the plate
surfaces are covered with lead sulfate and most of.
the hydrogen and sulfate ions are removed from

the electrolyte. The sponge lead of the negative.

plate and the porous lead peroxide of the positive
plate provide greater internal surface areas for
chemical change and collection of the lead-sulfate
deposit.

Certain chemical reactions that produce a move-
ment of electrons can be reversed if the movement
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of electrons is reversed. All rechargeable cells
depend on a reaction of this type. When a lead and
sulfuric acid battery is connected: to a charger, the
reactions are reversed. When charging is complete,

‘both plates are restored to their original compo-

sition, and the eleétrolyte is restored to its original
concentration of sulfuric acid (hydrogen and sul-
fate ions). This process is illustrated in a formula as
follows:

]

Discharging :
Pb0O, + Pb +2H, SO,=2PbS0, *+ 2H,0
Charging
Application of Principle

" Charge lead-acid storage batteries and make tests
covgred under “Hydrometer Test” and “Battery
T‘mg” in this unit.
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Unit 23 — GENERATION 05~EI.ECTRICITY .

This unit d®als with (1) magnetos; (2) direct-
current generators and alternators; (3) alternating-
current rectifiers; and (4) generator regulation.

Magnetos

A magneto is a device which generates and
distributes electricity for igniting the compressed
fuel-air mixture in the combustion chamber of
internal-combustion engines used to operate vehi-
cles apd portable or stationary equipment (for
example, lawn mowers, motorcycles, chain saws,
portable lighting systems, and outboard motor-
boats). .

The magneto generates the electricity, steps up
the low voltage to a high-tepsion voltage, and
distributes it to the cylinder & cylinders) at the
- correct instant. These operations are done without
the aid of a storage battery. Certain magnetos are
low-tension types; they generate a low voltage,

which is then stepped up to a high voltage by
means of a separate coil. High-tension magnetos
produce voltage of sufficient value to jump the
spark-plug gap without the use of a separate coil.

The difference between a magneto and a gener-
ator is that while the generator has an electromag-
netic field requiring an outside source of electricity

to excite it, the magneto uses permanent magnets’

for this field. Magneto ignition systems have
certain advantages over the battery-demanding

systems. The magneto systems are more portable.

and lighter, and they provide a spark that is hotter
as the engine speed increases. ' ,
There are two types of magnetos, the low-
tension type and the high-tension type. Magnetos
are classified further according to the part of the

magneto which is revolved. A magneto that has its_
-windings on a rotor which is revolved in a magnetic

field is known as a shuttle-wound magneto. In the
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The magneto of a small engine produces electricity
_ when the flywheel is rotated by the pulling of a rope
: wound around a pulley attached to the crankshaft
(Briggs and Stratton Corp.).

inductor-type magneto both the coil and the
miagnet are mounted in stationary positions; move-
ment of the magnetic field is obtained by making
and breaking the magnetic field. A newly devel-
oped magneto, known as a revolving magnetic
design, has been made possible by new types of
magnets. The coil of the.magneto is mounted in a
stationary position, and one or more magnets are
revolved between the pole pieces of the magneto.

A magneto, in a sense, consists of two simple
circuits; one is called a primary circuit and the
other a secondary circuit. Both circuits have
windings which surround the same iron core, and
the magnets in the flywheel or rotor act on both
circuits. Current can be induced in each circuit by
changing the magnetism in or around the coils. The
primary circuit, which has relatively few turns of
heavy wire, includes a set of breaker points and a
capacitor. The secondary circuit, which has a coil
with many turns of lighter wire wound around the
outside of the primary winding, includes a spark
plug. A permanent magnet is mounted in the
flywheel or rotor; as the flywheel rotates, the
magnet is brought into proximity with the coil and
core.

Scientific Principle Involved:
Magnetism

Every magnet has a north pole and a south bole.
Like poles repel each other (two north poles or
two south, poles); unlike poles attract each other (a

®
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north pole and a south pole). The reason for this'
phenomenon is that a magﬁetic force (or field)
exists between the opposite poles of a magnet. This
magnetic field is composged of invisible lines of
force (magnetic flux).

There are two types of magnets, permanent
magnets and temporary magnets (electromagnets).
The earliest type of permanent magnet was the
natural one*of ore and was used as a compass in
navigation. It was called a lodestone (lead stone).
Now, permanent magnets are manufactured. Two
common shapes of manufactured magnets are the
bar magnet, which has a pole. at each end, and the

horseshoe magnet, which is a 'bar magnet that has .

been bent into a U shape so that the poles are close
together. Originally, manufactured magnets were
made of high carbon steel. Now, high quality
permanent magnets are manufactured from alloys
of steel and tungsten, chromium, and cobalt; from

alloys of nickel and chromium; and from ceramics. .

These magnets not only are stronger but retain
their magnetism for much longer periods. ,

The movement of electrons (flow of current)
can be caused by revolving a coil of wire in a

Spark — Spark
\ X x/
L L '
A B = Ground
Ground

Magnet pole

Magnet

Ground \—__C\ Cutout switch

The schematic diagram given above presents the
components of a flywheel-type magneto used in an
outboard motor (Evinrude Motors).

magnetic field. In a conventional generator the
magnetic field .is produced by passing current
through the field coils, which in turn produce the

_magnetic field (electromagnets). In the case of the

magneto, the magnetic field is produced by means
of permanent magnets. Magneto ignition systems

L.
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have distinct advantages. They do not require any
storage battery or other source of current, and the
intensity of the generated voltage does not
decrease but increases -with the engine speed.
Magnetos are particularly popular for internal-
combusion engines where a storage battery is not
needed for starting or lighting. The recent devel-
opment of permanent magnets of greatly increased

_strength has improved their performance.

Application of Principle
1. Place a magnet under a sheet of glass or a
piece of cardboard. Sprinkle iron filings on
the glass or cardboard and tap lightly. The
iron filings will show the form of the mag-
netic field. S
2. Locate permanent magnets uged in’ 'thea- com-
ponents of small engines~afid automobiles
(magneto, radio speaker, and compass).x
3.Check the permanent magnet in a speedom-
. eter.
4. Service or répair a magneto..

Selected References

Note: The numbers in parentheses in this section refer to
entries in the list of selected references that appear within
this publication imrr’xedialely after the text.

.

&
A flywheel magneto provides ele‘cuical current needed to operate the.engine and the electrical components shown
in the motor-scooter wiring diagram (Lam?retta: Innocenti Motor Division).

{

(13), pp. 482-90; (15), pp. 13-22;(19), pp. 28-33;
(26). pp. 159-61, 3069; (27), pp. 510-32; (29),
Section VII, pp. 1-3; (32), pp. 15-18; (33), pp.
55-58:(47), pp. 57-61, 188-89;(52), pp. 5,9;(53),
pp. 19, 85-86;(54), pp. 293-94;(57), pp. 193-204;
(62), pp. 68-77; (65), pp. 20-29; (69), Chapter 3,
pp. 18-21; (75), Chapter 35, pp. 23-29, Chapter
36, p, 27; (79), p. 20; (81), pp. 25-27; (84), pp.
46-47:(85), Appendix; (86), pp. 12-19,104. -

I3
Direct-Current Generators and Alternators
The automobile must have some source of direct

current (DC) to operate the starter, ignition, lights,
and electrically operated accessories. A storage

_battery will furnish this electrical energy for a .

limited time. A direct-current generator, which
converts mechanical energy provided by the engine
to electrical energy, has been used for a number of
years to keep the battery charged. Demands of the
électrical system of modern automobiles have
placed a heavy strain on the generator. For this
reason the direct-current generator has been
replaced in many vehicles by the alternator (alter-
nating-current generator), which has the advantage
of producing current at low speeds even when the
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engine idles or the car is moving through slow

traffic. The alternator produces alternating current Negative brush Commutator (1)
(AC) much like that available in home electrical , i
circuits. A rectifier is used to convert this alter- Pole of field e o DC
nating current to direct current. Manufacturers’ electromagnet Positive  output
directions should be followed when direct-current .. brush ¢
generators and “alternators are installed and tested.

Scientific rl';rinciple Involved: :
Electromagnetic Induction )’) N
An electric potential is produced when a coil of Ar}nature
wire is passed through a magnetic field. This #
principle is used in the automobile generator to/ -
produce current. When the armature (rotor) of a
generator is turning, the coils pass through the :
magnetic flux of the field coils, producing an ' S\ - )
alternating current in the coils of the armature. _ DC input
The current alternates because the armature coil P
approaches the magnetic field from one direction : /
and leaves in another. This movement causes the
current to flow first in one tirection and then in Brush
another, thus producing alternating current. The
direct-current generator uses a commutator made
of segments arranged on the armature so that they
contact the brushes at the proper times during the
rotation. This contact causes the pulsating current A basic direct-current generator is identical to a basic
to flow in only one direction in the external .  alternating-current generator except that one has a
circuit. The alternator uses slip rings and collects commutator and the other has slip rings. If the
the alternating”current, which is then converted to commutator (1) is replaced by the slip rings (2), the
direct current with a réctifier. Uﬁlﬂi‘,e. the magneto, » generators .output will become alternating current
which uses-permanent magnets, these generators instead of direct current.
use field coils, ‘which are electromagnets (temp-

Slip
rings (2) AC output

orary magnets). The electromagnets produce the » .
Fjeld Armature Brush arm : Field
i terminal : ' i
terminal ) Pole coil Pulley and

Grounded ¥
brush
holder

Commutator Armature

The illustrations presented above give an end view and a sectional view of a direct-curreni passenger-car generator
{Delco-Remy Division, General Motors Corp.). i .
. \ 6 ~ *@%} - :
1) ik )
. 4
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/] diodes
Slip
rings
Negative = L4
silicon ' '
rectifier
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properly oriented magnetic field when direct cur-
rent. is sent through the field coils as part of the
direct current produced by the generator is sup-
" plied to these coils.

Application of Principle »
1. The relationship of the field strength to the
generator output can be shown by placing a
variable resistor in the field circuit and regu-
lating the amount of direct current supplied
to the field.
2. A generator can be designed, constructed, and
» operated by a group of students.
3. Generators can ‘be .checked, serviced, and
repaired.
4. A 6- or 12-volt light bulb can be connected to
each end of a generator field coil; when the
« coil is lowered into the field of an operating
growler,.the bulb will light up.

Selected References
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this publication immediately after the text.

Brush holders and
brush assembly
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Aluminum foil
field winding ]

Rotor poles

3;phase stator-
winding assembly

b 3

The illustrations pre-sented above give an end view and a sectional view of an alternating-current generator
(alternator) {Delco-Remy Division, General Motors Corp.).

(10), pp. 7, 12-21, 24;(13) SBx82, 490;(22), pp.
215-25, 377-83; (24), pp.¥ERd 72-73; (26), pp.
173-79, 316; (27), pp. 53%4%; (33), pp. 71-85;
(38), pp. 152-53;(47), pp. 189-213, 218-22;(51),
pp. 5-11;(54), pp. 321-26;(62), pp. 111-17;(65),
pp. 200-201; (66), pp. 158-59; (69), Chapter 19,

pp. 1/--4:(86), pp. 105-8.

Rotor
Crankshaft

The rotor-type alternating-current generator used in ;
motorcycles is composed of a stator with coils which

are wound around iron cores and a rotor made of
permanent magnets which ' is attached to the
crankshaft {Honda Motor Company, Ltd.).
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Alternating-Current Rectifiers

Alternating-current generators (alternators) p}o-
duce alternating current that is used in the home,
in industry, and in the electrical components of
automobiles -and other units driven by internal-
combustion epgines. -However, direct current is
required for ct‘lge operation of ‘certain components
of many electric/electronic devices, such as the
electrical systems of internal-combustion-engine
units, the circuits of radio and television trans-
mitters and receivers, and measuring instruments
(meters). Therefore, the:alternating-current output
of alternating-current generators must at times be
changed or rectified to direct current. This change.
or rectification is accomplished by the use of
selenium, silicon, magnesium-copper sulphide, or
copper-oxide rectifiers or electron tubes, which
furnish a one-way path for electric current or
movement of electrons.

The $ilicon rectifier or silicon diode rectifier is
one of the most recent types of rectifiers to be’
developed. Because of its small size, it is built into
the frame of the automobile’s alternator. Plate-
type rectifiers re relatively large in size and are
mounted externally. .

Single-phase alternating current would result in a

_ pulsating current. To provide a much smoother

flow of current, alternators are built with three
stator circuits which, in effect, give overlapping
" pulses of alternating current. When these pulses are

rectified through diodes, a comparatively- smoothb

flow of direct current is obtained.

Scientific Principle Involved: L
Rectification '

The process of changing alternating current to
direct : urrent is called rectification. When a silicon
diode rect:fier is placed in series with a load
(electri.al device) in a circuit and is supplied with
an alternating current, the current is allowed to
flow in only one direction. This type of rectifier,
which is called a half-wave rectifier, provides
‘puisating direct current. For one half ef each cycle
of alternating current, the current flows through
the rectifier and load. During the other half-cycle,
the current cannot flow through the rectifier so
. that no current flows through the circuit. Capaci-
tors can be used to smooth out the pulsating
current! however, full-wave or bridge rectifiers,
which use both halves of each cycle, or three-phase
alternators produce a smoother direct-current out-
put.. - ; *

?

@7

‘Four selenium
rectifiers  Direct current

Alternator

1

Alternating
_current

A full-wave or bridge rectifier is used to rectify
alternating current produced by alternators. In the .
diagram presented above, four selenium rectifiers are
interconnected to provide direct current during both
halves of ‘the alternatmg-current cycle (Honda Motor
Company, Ltd.).

Rectified current»

In the diagram of a single- phase alternatmg current
(1), the positive half wave is represented by (a), the
negative half wave by (b). In ‘the three-phase
alternating current (2), the phase outputs overlap but
do not coincide. The three-phase aiternating current
depicted in (2) ‘is shown as rectified direct current iV
(3).



Application of Principle

1. Locate rectifiers in the generator circuit of
automobiles- and other units
internal-combustion engines.

2. Disassemble, clean, check, and, if necessary,

repair generators used in the electrical system ‘

of internal-combustion-engine units.
3. Mount a Y% -horsepower, single-phase motor, a
35-ampere alternator, a regulator, and a stor-

- age battery on a piece of plywood. Charge the ..

battery by driving the alternator with the
motor.

4.Use an ohmmeter to demonstrate how a
silicon diode rectifier will have low resistance
in one direction and high resistance in the

- other. . .

5. Demonstrate magnetic fields by placing sev-
eral coils around a cardboard tube and pulling
a piece of iron through the tube by turning on

=-each coil in turn. et '

*
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Generator Regulation
. Both alternating-current and direct-current gen-

erators require a regulator which prevents the-

generator from producing excessive volt_age/cur—
rent. Without regulation, a generator would con-
tinue to incréase its output as speed increased until
it would be producing so much current that it
would overheat and burn up. If an unregulated
generator were connected to the electric circuit of
"an automobile or to other units driven by an
internal-combustion engine, the storage battery
would be greatly overcharged and the electrical
devices could be damaged. The direct-current
generator uses an external resistance to control
voltage and amperage output. Various devices are
used to regulate alternating-current generators by
placing resistance in the generator field circuit.
Cutout relays (circuit breakers) are a part of the
regulation system of direct-current generators and

driven by
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some alternating-current .generators. The cutout
relay closes the circuit between the generator and
battery when the generator is producing current; it
opens this circuit so that the. battery cannot
discharge through the generator when the gener-

ator slows or stops. Certain alternating-current’

generators, because their design makes them self-
limiting, have no cutout relays and no current
regulators. The rectifying diodes or transistors in
the circuit (transistor systems) prevent reverse
current or discharge of the battery through the

- generator.

’ ~ Cutout Current Voltage
regulator: regulator

Battery relay
o

Ammeter

Generator

.

A conventional three-unit regulator is usedfwith a
generator. = o
Scientific Principle Involved:
Electromagnetic Switch

The cutout relay, voltage regulator, and current
regulator are switches operated by an electro-
magnet: The cutout relay consists of two windings
(coils) around a core and a flat steel armature,
mounted -on a hinge above the core.- A contact
point on the armatugeis positioned just above a
stationary contact point that is connected to the
battery. When the generator is"not operating, a
spring holds the two poirits apart, keeping open the
circuit between the generator and battery. When
the geneiator begins to operate, current flows

through one winding, induces voltage in the other .

winding, gnd creates a magnetic field around the
core. The{armature is pulled by the-electromagnet
and the contact points cpme together (close). This

action compleftes the circuit between the generator

and the battery. When the generator stops, current

‘begins to flow. from the battery to the generator.

L
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This reversal of current flow creates a reverse
magnetic field in one winding which bucks the
magnetic field in the other winding. The weakened
magnetic field can no longer hold the armature

down and keep the contact points together. When °

Batt Junction .
= block ,Switch,

+q =

” - FIELD

y¥y¥Y

‘Alternator-

« The alternator empldys a transistor regulator.

: "'S"e'lected Referetices

the armature springs up, the circuit between the

_battery and the generator opens.

~ Application of Prmcrple

1. Locate regulators in the generator circuit of
automobiles and ‘other units driven by
internal-combustion engines.

2. Clean, check, and, if necessary, repair regu-
lators ¢cutout relays, voltage regulators, cur-
rent regulators, and transistor systems).

’

' Note: The numbers in parentheses in this sécrion refer to .
entries in the list of selected references that appear within
this pubh‘cation immediately after the text.

(4), pp. 124-27;5), pp. 1-15;(7), pp. 42-44 (13),

p. 486-87; (19) pp. 226- 37 (22), pp. 7.5-32;
;)6) Pp- 309- 11; (27), pp. 519 24; (33) p. 60;
(36), pp. 85-96; (47), pp. 321-29 (65), pp.
198-202; (66), pp. 154-55; (69), Chapter 19, pp.
20-23; (75) Chapter 33, pp. 1-23; (78), pp.
286-329 |
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Und 24 - TRANSMISSION OF ELECTRIC POWER

Both the storage battery and the electnc gener-
ator’ “(alternator) have positive and negative ter-
minals. The positive terminal, which has a shortage
of electrons, attracts electrons. The negative ter-

minal, which has an excess of electrons, repels

" electrons. When a circuit is completed between the
terminals, electrons move through the circuit. They
will move as long as there is a complete circuit and
as, long as the electromotive force is maintained.
The original electrons that start out displace
electrons in the next atoms, and so on along the
length of the circuit. The movement of electrons is
called an electric current,

The-modern gutomobile has an alternator and a
storige battery to supply. the electrical system.
Electrons move (or current. flows) through wires to
“the "ignition and lighting systems and through
 cables to the storage. battery and the starting
(cranking) motor. The internal current flow in the
electrolyte is a movement of positive and negative
ions in opposite directions.
Scientific Principle Involved:
Electromotive Force
" A device such asggstorage battery gr an+electric
generator provides the electromotive force which
removes electrons from one end of a wire and piles

6y 7

- them up at the other end. When the numi)er of

electrons at one end of a wire exceeds the number
at the other end, an electric field is set up between .
the ends of the wire. This field causes free
electrons in the wire to move from the negative
end to the positive one. This movement of elec-
trons is the flow of electric current; it is the
electromotive force (voltage) that creates the elec-
tric pressure that causes the current to flow.
Application of Principle . . -
1. Use a proper.meter to check the electro-
motive force (voltage) of a storage battery
and a generator.

2. Use a proper meter to determme the positive..,

and negative termmals of a dry cell and k¥
storage battery. ‘ :

Note: An ammeter must always be connected in
series with the circuit. To make a series connection
requires breaking the circuit to connect the meter.
A voltmeter is always connected in parallel or
across the circuit. The circuit does hot have to be
broken ¢§0 that voltage can be measured. Use
direct- nt meters to measure direct currents
and volt: ages Direct-current meters must always be
connected with the correct polarity. Use alternat-

/
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ing-current meters to measure alternating currents Scientific Principle Involved:
and voltages. Electron Theory
_ ‘ /f\\ An atom is composed of particles of matter
(o \f_\f 1 called protons, neutrons, and e¢lectrons. The pro-
tons and neutrons form thethucleus, which is the

Asmmeter in series center of the atom. The electrons are arranged

with the circuit Load outside the nucleus in an orderly manner. Each

atom has an equal number of protons and elec-

- trons. The proton carries a positive (+) electric

o- - charge, the neutron carries no electric charge, and
the electron carries a negative (—) electric charge.
A normal atom has no electric charge because the’
pcsitive charge of the protons\in the nucleus is

-
.

"Voltmeter across

the circuit Load canceled or neutralized by theé\negative charge of

v ' the electrons outside the nucleus.
- The protons in the nucleus ot easily be
— . ey moved; however, the electrons can be- disturbed
s ! and even pulled away from the atom. When this

occurs and electrons are taken away from a neutral > i

atom, the atom has a positive charge and becomes
Note: The numbers in pareﬁtfxeses in this section refer to a. p051t1ve ion; that is, the atom hiis more positively
entries in the list of selected references that ag{zear within P
this publication immediately after the text. charged protons than negatively charged electrons.
. ' Conversely, if extra electrons are added to a
(13), pp. 49091; (22), p. 201;(26), p. 296;(27), neutral atom, the atom has a negative charge and
pp. 463, 560-61; (33) pp. 152-64;(47), pp. 22- 23 becomes a negative ion.
34-35;(62), pp. 15- 19;(66), pp. 150- 57 , Some atoms hold their electrons very tightly.
¥ Substances made up of atoms of this type are
known as insulators; electrons do %Q@t' move

Selected References

Conductors and Insulators through them easily. These substances d% usually

A conductor is a material that readily allows a nonmetallic. Other atoms have electrons that are
flow of electrical current (movement of electrons). held very loosely.. Some of these electrons jump
Metals are good conductors of electricity. Silver is rapidly from atom to atom as “free electrons.”
the best conductor; copper and aluminum follow, Substances made up of atoms of this type are
in that order. For this reason wires, cables, straps, . called conductors; electrons move through them
and bars used in transmitting electric power are easily. The best conductors are metals, such as
made of copper or aluminum, and silver is used in silver, copper, and aluminum. When electrons are
the manufacture of many electronic parts. Solu- taken from .atoms in a conductor, the atoms
tions of salts, acids, and bases are fairly good become charged positively, and the electrons from
conductors. ¢ ' ' - nearby atoms are attracted to them, moving into

An insulator i a material that will not readily  gspaces left by the departed electrons. This action is
conduct electricity (resisting the movement-of = repeated along the entire length of the conductor.
electrons). Rubber, glass, porcelain, mica, amber, A positive charge‘ placed on any part of the
oils, and sulfur are good insulators. Rubber and conductor causes a movement of electrons from
plastic serve as insulating shields around. wires used atom to atom within the conductor. This move-
to conduct electricity. Power lines are attached to  “ment of electrons is called an electrical current. -
insulators made of glass or{fi@uelain. Pure water is .u
an insulator, but water fro# hcet is not because Application of Principle ' -
it usually ,contains small eunts of dissolved 1. Check the amperage of mrcurts using an :
impurities. hanl amméter, a 1.5-volt dry cell, and the types il

The movement of electrons can be stopped by and lengths of wires that foll*ow S A
an open circuit (a switch in the “off” position or a a. Five feét each of No. 22 copper,,alummum, o
break in a conductor) or shorted or grounded By a - and nichrome wire, connected separateby in - "z
conductor that is not a part of the intended circuit. . circuits * ﬂ-\

2 ‘ . 7 () . V . J;;"f




62

b. Five feet of No. 18 copper wire, and then
five feet of No. 28 copper wire
c. One foot of No. 28 copper wire and then a
ten-foot piece of No. 28 copper wire
2. Attempt to operate the starting (cranking)
motor of an automobile by connecting a small
gauge conductor, such as a length of No. 16
copper wire, between storage battery and
starfer.
3.Inspect the electrical systems of a small
engine unit and an autdinobile.

Selected Refere.nces
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entries in the list of selected references that appear within
this publication immediately after the text. .

a

(13), p. 491; (27), pp. 430-31; (33), pp. 16-17;
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Voltage, Current, and Resistance

Voltage (E) or electromotive fore€ (emf) is
electrical pressure that will cause electrons to move
‘(current to flow) in a closed circuit. The force is
the repelling force caused by a surplus of electrons
and the attracting force caused by a deficiency of
electrons. Electrical pressure or potential differ-
ence is measured in volts. It is the voltage which
causes the flow of current in a cldsed circuit to
provide heat and hght and operate electrical
equipment.
~ Current (I) is the rate of the electron movement.
Current may be simply described/ as the rate of
movement of electrons in a circuitl The basic unit
of measurement for current is the ampere. Elec-
trons move from negative to positive in a circuit.

Resistance (R) is opposition to the movement of
electrons (flow of current) and \is measured in
ohms. All components in a circuit, including wires,
have some resistance. Eiectric motors, appliances,
and other electrical devices have resistahce. Resist-
ance is the property limiting the flow of current in
a closed circuit.

Scientific Principle Involved:
Ohm’s Law -

The movement of electrons in an electrical
circuit occurs when voltage overcomes resistance,
causing current to flow. Voltage is the pressure
that causes the flow of current (movement of

L

electrons). Resistance is the opposition offered by
the circuit to the flow of current (movement of
electrons). Current is the movement of electrons.
Ohm’s law states the relationship of voltage,
current; and resistance as follows: Voltage =

current X resistance.

° Ohm’s law plays an important role in the

checking of automotive and other electric circuits.

When electric meters. are used to measure, the

voltage, current, and resistance in a circuit, Ohm S

law is applied. Voltage is measured in volts, current

in®"amperes (amps), and resistance in ohms. The

symbols or letters used to represent voltage,

current, and- resistance are E for’ voltage, I for

current, and R for resistance. The relationship

Voltage = current X resistance can also be

expressed as £ = I X R. When the voltage and

resistance are known, the amount of current is
found by using I = E + R; when the voltage and
current are known, the resistance is found by using

R = E + I 'Some practical examples are given as

follows:

1. A headlight has a resistance of 4 ohms. When
it is conmected to a 12-volt battery, how
much current will it draw?

I1=E+R;[=12+4; I=3amperes

2. A 12-volt battery delivers 100 amperes to a
starting motor. What is the total re51stance of
the starting circuit?

R=E+LR =12+100;R =.12 ohmns

3.A poorly connected battery cable has a
resistance of 1 ohm. How much voltage will
be required to push 300 amperes through this
bad connection?

E=IXR;E=300X1;E=2300volts

Application of Principle

1. Voltmeters, ammeters, and ohmmeters can be
used to measure electrical corditions in cir-
cuits. An ohmmeter is used to measure the
resistance, of an open circuit. A voltmeter is
used to Kpeasure the voltage drop between
two points in a closed circuit and the total
circuit voltage. An ammeter is used to meas-
ure current flow in a closed circuit.

2. AFProper meter should be used to determine
sources of resistance in the starting circuit of -
an automobile, including (a) corroded termi-
nals; (b) broken insulation; and (c) frayed or
broken wires.
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3. Determine the resistances of resistors by
- reading the color codes and checking with an
ohmmeter. '
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_Series and Parallel Circuits

Electrons move (current flows) from a high-
potential point (excess of electrons) to a low-
potential point (deficiency of electrons). The path
or -paths followed by the electrons or current is
called the electric circuit. All circuits must contain
a sonrce of electromotive force to bring about the
difference of potential that causes electrons to
move (current to flow). This source may be an
electric cell, a mechanical generator, or another
device that provides electric power. All paths of
the circuit lead from the high-potential (negative)
end of the electromotive source to its low-potential
(positive) end. '

The electrons (or current) in a circuit. follow
paths prowded by solid conductors, liquids, gases,
vacuums, cr any combinations of these. Its path
may include electric lights, heaters, motors, or any
other of the many devices requiring electricity.

The three general types of electric circuits are’
(1) the series circuit, which provides a single,
continuous path for electrons to move (current to
flow) from the negative side of the electromotive-
to- the positive side; (2) the parallel
provides two or more parallel paths
for electron ovement (current flow) from nega-
tive to positive; and (3) the series-parallel circuit, a
combination of the otRer two.

~ Scientific Principle Involved:
Direct-Current Circuit

In a series circuit the current flow is the same in

all parts of the circuit; the total resistance is equal
to the sum of the individual resistances; and
voltage is equal to the sum of the potential
differences across -each of the gndividual resist-
ances. In a parallel circuit the voltage is the same
across all resistances; the total current is equal to
the sum of the currents through its branches; and
the total resistance is equal to the voltage across
the resistances divided by the total current in’the
circuit. .
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Electrons move from the negative side of the power
_source (EMF) through the resistances and back to the
- positive side of the source. In the series clrcult the -
electrons. move through resistors R1and RZ (load); in
the parallel circuit, through R1 and Rz, and in the
series-parallel arcult through R1 (in series) and then
througluR2 and R3 (in parallel)

Application of Principle : . )

1. Trace, check, and measure circuits in elec-
trical systems and devices. '

2.Hook up series.parallel, and series-parallel
circuits by using lengths of wire and light
bulbs or other resistances to prove the rela-
tionships between voltage, current, and resist-
ance in these circuits.
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Unit 25 — TRANSFORMERS

~ Transformers are most often used where elec-
trital voltage needs to be either increased or

decreased. Power transformers used to increase or .

decrease voltage are classified as step-up or step-
down transformers. A very common application of
a step-down transformer can be found in the model
train transformer or the doorbell transformer,
where the 120-volt-alternating current used in
home electrical circuits is reduced from 8 to 24
volts. An example of a step-up transformer used to
increase voltage is tha transformer connected to a
neon sign which will increase 120 volts to the
several thousand volts necessary for the operation
_of the sign. Many electronic devices, such as radios,
stereos, tape recorders, and television sets, use
power transformers to increase or decrease voltage
to the desired amounts.
Power transformers consist of two or more coils
~of wire wound around a laminated metal core. The
winding carrying the current from the source of
electrical power is called the primary winding. The
other winding or windings which carry the induced
voltage are called secondary windings. A trans-
former may- have one or more secondary coils
which step up or step down the voltage.
The two leads of the primary winding are

will be increased. Thus, the lﬁ‘ﬂ)’;f the voltage

induced in the secondary coil or coils to the

voltage applied to the primary coil is the same as

the ratio of the number of turns of wire in the

secondary coil to the number in the primary coil.
Scientific Principle Involved:

Electromagnetic Induction

An electric current flowing in a wire produces a
magnetic field around the wire; the greater the
movement of electrons, the greater is the strength
of the magnetic field. A coil of insulated wire
carrying an electric current becomes an electro-
magnet whose strength is determined in direct .
proportion -to the amount of current and the
number of turmns of wire in the coil. Using a
permeable steel core also greatly increases the
strength of the electromagnet because the core
itself becomes a strong temporary magnet. Revers-

_ ing the movement of electrons in the coil reverses
" the magnetic field of the coil.

connected to the source of power, which must be -

an alternating current or an interrupted direct
_current. The current through the secondary coil or
" coils is known as the induced current, and its
" voltage is known as the induced voltage. If the
number of turns of wire in the secondary coil
equals the number of tums in the primary coil, the
induced voltage will be the .same as the voltage
applied to the primary coil. If the number of turns

in the secondary coil is less than the number in the -

primary coil, the voltage will be reduced; and if the
number of turns in the secondary coil is greater
than the number in the primary coil, the voltage

N e o
l(])O volts 200 volts
AC input AC output

L
— T 1
100 turns- 200 turns
primary col secondary coil

The step-up transformer (left) and the step-down transformer (right) show the direct relationship of the number

of turns of the coils to the voltage.

73

Moving a magnet perpendicular to a wire pro-
duces the movement of electrons along the wire.
Moving a magnetic field through a coil of wire
induces an electromotive forcz in the coil. The
strength of the electromotive fuice is in direct
proportion to the rate of change of the magnetic
field and to the number of tumns of the coil.
Reversing the magnetic field reverses the direction
of the induced yoltage.

In a power transformer the changmg magnetic o

field that is produced by the alternating current in
the primary induces an alternating electromotive
force of the same frequency in the secondary.
Since the rate of change of magnetic flux is the
same for both the primary and secondary windings,
the voltage ratio is the same as the ratio of turns of
wire in the coils. :

! 1
200 volts . 20 volts
AC input ' AC output

J

L p
2,000 tumns ™\ 200 turns .
primary coil secondary coil

-
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The collapsing magnetic field induges high volfage

in the secondary winding. This induction {reates

the high-voltage surge that is conducted through-

the distributor rotor and cap to a spark plug.. -

The increase in voltage in the step-up trans-
former and the automobile ignition coil is accom-
panied by a corresponding decrease in current so
that the power output (volts X amperes) cannot be
greater than the power input. These devices are
highly efficient (95 percent or better) since losses
of energy are relatively small in the form of heat
due to resistance of the windings, eddy currents,
and hysteresis in the laminated and highly perme-
able core.

Application of Principle
1. Electromagnetic induction can be demon-
strated by connecting a coil of wire to a
galvanometer and moving a permanent mag-
net past or through the coil of wire. Induced
voltage increases as the speed of the magnet is

N ‘ = ‘.. ;v‘!’l_.;"-},&’. .7‘ ,')ru

B . N PR ATt . .
& increaséd, and thg direction
7 (indicateld

' of turreat flow
ithe deflgctioni of, tfiga_ne'edle)
-t‘dinf:gtior) ~of the - agnlit <is

n o

maghet will ‘develop az"-i?lg‘;ﬁéﬁé' field can be

g

plugl A spark appears at the
k-plig gap.as the flow of electricity is

" ’ N - ..- . .
“agtqm,o_twelgnitlon capacitor -

- terrupted:

- “placed acrogs the sW'i,ts:h,c,‘ha'x_)ges_\‘.t'he spark as

" . #t arcs the gap._.”['-hi‘sf thange demonstrates an
increase in‘voltage. .
3.The ;»‘gf()llbwingfpfocedlﬁre can be used to
illustfaté:a decrease.in voltage: first, connect a
doorbell transformer to the ordinary 120-volt
Jhouse current; then connect a voltmeter
across the output terminals and observe the
voltage, which should be approximately 15
volts (depending on the specific transformer
used). ' : '
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Unit 26 — SPARK PLUGS

Spark plugs, which produce high-voltage sparks
to ignite combustible fuel mixtures, are found in
devices such as furnaces, heating units of stgam
cleaners, and internal-combustion engines. The
spark plug consists of a steel shell in which is
fastened a porcelain insulator. (An insulator is a
nonconductor, a material through which electricity
will not pass.) An electrode runs through the
center of this insulator and another electrode
extends out from the bottom of the steel shell to a
position close to the center electrode. When the
spark plug is used in the ignition system of an
automobile, the shell is screwed into the cylinder
head, and the wire from the distributor is con-
nected to the top of the center electrode. The

3

electricity (the voltage boosted by the coil) travels
down the center electode and jumps the gap to the
other electrode. Then it travels to the engine block-
and back to the coil through “ground.” The fuel
mixture is ignited when the electric spark jumps
the gap between the electrodes at the proper time
near the end of the compression stroke.

Spark plugs are classified according to a heat
range which indicates their ability to transfer heat
from the firing tip of the insulator to the cooling
system of the engine. The rate of heat transfer is
controlled basically by the distance the heat must
travel to reach the cooling medium. A ‘“‘cold” plug,
which has a relatively short insulator nose, trans-
fers heat very rapidly into the engine’s cooling
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system. Such a plug is used in heavy-duty or
continuous, high-speed operation to av01d ov
heating. A “hot” plug; which has a ‘much longer
insulator nose, transfers heat more slowly away
from its firing end. Thus it runs hotter and burns
. off coMbustion deposits which might tend to foul
the plug "uring prolonged idle or low speed
operation. Because the operating temperstures of
-spark plugs vary ‘in different engines and under
different engine service conditions, the plugs are
made in several heat ranges. %

Scientific Principle Involved:
Ionization of Gases

Dry air at atmospheric or higher pressures is
such a poor conductor of electricity that it can for
practical purposes be considered an insulator for
low voltages. The atoms that compose the mole-
cules of any gas occasionally lose an electron and
become positive ions. Thus, theré are always a few
positive ions and free electrons present in the air. A
higher percentage of ‘these electrically charged
particles is normally present in heated gases, such
as the compressed fuel-air mixture in the combus-
tion chamber of a gasoline engine. The high voltage
of the ignition coil produces strong electrical forces
on the electrically charged particles in the gap
between the electrodes. Free electrons accelerating
rapidly toward the positive electrode collide with
molecules of the gases, causing further ionization
and a movement of electrons across the gap. Rapid
interactions among the ions and molecules of the
gases result in the release of heat, light, and sound
energy in a spark discharge similar, but on a smaller
scale, to the discharge of lightning between a cloud
and the earth. This energy released in the gap of
the spark plug is sufficient to ignite the fuel-air
mixture in the combusion chamber.

Application of Principle
. Compare the test results obtained on a spark
plug cleaning and testing machine, using a new-and

14 used spark plug. Remove, test, clean, and reinstall -
ing to the procedures that follow:

spark plugs a
1. Loosen the plugs for one or two turns with

a spark-plug wrench or a deep-socket

-‘wrench.

2. Blow the dirt out of spark-plug ports.

3. Remove the plugs the rest of the way,
.keeping them in their respective order.

4. Analyze visually the condition of the spark
plug (normal, oil-fouled, too hot, too cold).
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5. Clean the exterior of the plugs in sOlvent to
remove grease and dirt. Allow to dry.

6.Clean with the spark plug cleaning
machine.

7. Open the spark-plug electrode gap and file
the electrodes to obtain clean bright spark-

. ing surfaces.

8. Reset the spark-plug gap to proper specifi-
cations, using the wire-type gauge and
bending the side electrode only.

9.Use a spark plug cleaning and - testing

" machine. Compare sparking efﬁmency with
a new plug.

. 10. Place the spark plugs (with new gaskets)

.. “pack in the engine, tightening them to the,

* recommended torque.

Terminal nut

‘o
#\-— Insulator

_ Center
electrode

~
A}

Inside

gasket

Ground

electrode -«—— Spark gap
It is essential that the spark plugs be the right type
for the engine in which they are used (Champion

Spark Plug Company, Toledo, Ohio).
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Unit 27 — IGNITION SYSTEMS

The purpose of the ignition system is to develop
and deliver high-voltage electricity so that thé
spark plugs in the engine cylinders can deliver a
high-voltage spark to ignite the air and gasoline
mixture at the proper time. The ignition system
consists of a battery, ignition switch, ignition coil,
distributor, spark plugs, and wiring.

The very high voltage needed to jump the gap of
the spark plugs is obtained from the ignition coil.
This coil is a step-up transformer that steps up the
voltage to over 20,000 volts. The battery supplies
the voltage to the primary circuit of the ignition
coil. However, since pure direct current cannot be
used to induce a voltage in the se¢ondary of a
transformer, it is_necessary to start and stop the
battery current. \

The starting and stopping or opening and closing
of the primary circuit of the ignition coil is done
by the distributor, which is usually driven by the
engine camshaft. The distributor has a set of
contact points that are opened and closed by a
rotating cam which has the same number of lobes
as the engine has cylinders. The camshaft, which is
driven by the engine, rotates at one half the speed
of the crankshaft. This opening and closing of the
contact points by the cam starts and stops the
current flow in the primary of the ignition coil so
that voltage is induced into the secondary coil. A

capacitor (condenser) is placed across the points to -

prevent the burning of the contact points and to
reduce arcing.

The distributor delivers the high voltage pror
duced by the secondary of the ignition coil to the
correct spark plug at the proper time. This delivery
~is accomplished by the rotor in the distributor. The
rotor attached to the distributor shaft is connected
directly to the output of the ignition coil. As the
rotor turns in the distributor, it moves from one
contact point to the next in the distributor cap.
Each of the contacts in the cap is connected by a
high-tension cable to a different spark plug. Thus,
as the rotor turns, it distributes the high-voltage
surges first to one spark plug, then to another, and
so on, according to the engine firing order. ~

High-compression engines require a higher volt-
age at high speeds for efficiegt ignition of the fuel.

‘In the conventional system the points open and

close quickly, and the primary coil does not Jhave
time to build up to a very high voltage. Other
defects found in this system are the limited life of
the points and capacitor, along with the main-
tenance necessary to keep these units in working
condition. '

The transistorized ignition system eliminates
these defects and provides far more dependable

service than could be obtained from the conven-

tional system. The transistor, which is capable of
handling large amounts of current, switches the
primary circuit on and off so that the points carry

only a very small current. Since the points carry .

The ignition coil in a typical ignition circuit is shown
schematically, with the magnetic lines of force
indicated (Delco-Remy Division, General Motors
Corp.). .

L
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such a small portion of the total current, arcing
between them is eliminated and a capacitor is not
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required. However, a special coil with a higher-

turns ratio and current rating must be used. _

Some transistorized ignition systems do not use
a -contact point in the primary circuit. Instead, a
magnetic pickup coil is used to time the transistor
current flow for the primary circuit. A permanent
magnet ring ijs mounted on .the top of the
distributor shaft. This magnet has the same number
of teeth as there are cylinders in the engine. Inside
of the permanent magnet is a pickup coil that is
wound aroand a steel core; which also has teeth.
Each time the teeth align, the magnetic lines of
force from the permanent magnet cut through the
turns of wire in the pickup coil. This activity
produces the same effect in the primary circuit as
does the opening of the contact points. The
specialized - transistorized circuit connected to the
pickup coil acts as a current amplifier and switch
to turn the primary coil circuit off and on.

Scientific Principle Involved:
Electromagnetic Energy

When the primary circuit of the ignition coil is
interrupted by the opening of the points in the
distributor, the magnetic field produced in the core
of the ignition coil collapses rapidly. The change in
flux induces a high electromotive force in the
secondary winding, whose voltage ratio, compared
to the voltage of the primary, is the same as the
ratio of the number of turns in the secondary
winding to the number of turns in the primary.

The capacitor (condenser) consists of two con-
ducting plates separated by an electrical insulator,
usually two strips of metal foil separated by wax
paper wound into a roll. It operates on the
principle that an electrical charge placed on one
plate of the conductor induces an oppoeltg charge
in the other-plate, which is connectejiats
- These opposite charges on the plg: '4
other so that additional charges<cgh
the charging plate. When the pnmary curreni\to
the induction coil is interrupted, the collapsing
magnetic field induces a current in the primary
winding as well as in the secondary. Rather than
arc across the points, the primary current charges

the capacitor. The capacitor then discharges back :

through the primary coil when the points are agam
on th make,

e high voltage on the center electrode of the
spark plug produces a high rate of ionization of the

gases in the fuel-air mixture in the combusion

chamber. Sufficient force is supplied to the
charged particles (ions) by the electric field to
produce enough energy in the spark discharge
across the gap to ignite the mixture, producing
heat energy in the expanding gases as a result of
~ the chemical reaction in the burning fuel. =~ .
The magnetic pickup coil used in some transis-
torized ignition circuits operates on the principle
of electromagnetic induction, which produces an
electromotive force whenever the flux through the
coil changes. However, since this current is rela-
tively small, timed voltage pulses are used to vary
the bias~qn the transistor base to control the
amplitu;:Kog the current through the primary
circuit.
Ignition systems used on internal-combusion

‘engines may be- categorized as (1) the hot-tube or

glow-plug types used on model airplane and diesel
engines; (2) the magneto type; (3) the transis-
torized ignition; (4) the capacitor-discharge type?
(5) the pulse pickup type; and (6) the conventional
automotive-type ignition system. There are many
other applications for ignition systems which
employ the same basic principle; an example is the
ignition™ system used for automatically fired gas
furnaces, heaters, or steam cleaners.

Application of Principle
The students can do the following things:

1. Measufe the voltage in the primary cirucit
(approximately 6 to 12 volts in the automo-
bile) and compare it to the measured second-
ary voltage (approximately 25 to 30 thousand
volts, as measured with an oscilloscope).

2. Measure the voltage in as many ignition
systems as are available and compare their
primary and secondary voltages.

“Measure the amperage flowing in the primary
and secondary circuits of the conventional,
* transistorized, and imagneto-ignition systems.
Compare the amperage flowing in the pgimary
of each system and discuss the implications of
this comparison.

.- Démonstrate glow-plug ignition by connecting
a model airplane glow plug to a 6-volt battery
and observing the small coil of wire as it
becomes red hot.

5. Examine and repair various ignition systems
and their individual componeiits.

(X
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An electric motor is a device that converts

electrical energy into mechanical energy. Because -

of its ease of operation, efficiency,
and economy of operation, it is used exte
industry, in business, in the home, and in th
automobile. Electric motors range in size
small motors used to run electric clocks to very
large motors used to operate industrial conveyor-
belt systems.\

Electric motors have a variety of characteristics,
each of which is selected to meet the requirements
that it must fulfill. The automobile has several
different types of direct-current motors. One starts
(cranks) the engine, another operates the blower of

the heating/refrigeration system, and another raises’

and lowers the windows.

The motor used” to start the engine in an
automobile is a seriesswound motor in which the
field coils are connected in series with the armature
coils. Series-wound motors have the advantage of

<developing a tremendous torque, which is essential
when starting an automobile engine. Shunt-wolind
motors, which have the field coil connected in
parallel with tl',le armature coil, are used where
constant speed is desired, such as for blowers.
Another direct-current motor is called a
.compound-wound motor since it has one field coil
in series with the armature and another in parallel
with it. The compound-wound motor combines the
starting torque of the serieswound motor with the
constant speed of the shunt-wound motor. A
rheostat is' used to control the’current flow i

order to vary the speed of a direct-current motor.

The alternating-current motor is used exten-
sively in the home and in industry, where alter-
nating current is readily available. Alternating-
current motors are usually classified as induction,
universal, and synchronous motors.

The induction motor is the most common type
used to operate industrial equipment such as drill
presses, lathes, and grinders. Househo!d equipment,
such as washing machines, dryers, refrigerators, and
disposals also uses induction motors. These motors

: Unit 28 — ELECTRIC MOTORS
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are trouble-free and do not use the commutators or
brushes found in direct-current motors. Induction
motors require a starting system in order to get
them rotating. There are a number of different
systems used for this purpose. One of the most
common methods of starting an induction motor is
through the use of two sets of stationary windings.
One winding is called the running winding and the
other the starting winding;;The starting winding is
automatically disconnected from the circuit after
the motor is in motion.

The universal motor is used where variable
speeds are desired; it can be found in electric
mixers and sewing machines. A rheostat is used to
control the speed of a universal motor. The

-synchronous motor is used where constant speed is

desired. The electric clock, which uses a syn-
chronous motor, has a stator and a rotor with

 multiple poles.

Scientific Principle Involved:
Electromagnetic Induction

An electric current flowing in a wire produces a
magnetic field around the wire.-If the wire is
placed at right angles to a magnetic field, the
interaction of the two magnetic fields produces a
force on the wire, tending to move the force across
the magnetic field. The amount of the force is
directly proportional to the strength of current in
the wire,. the strength of the magnetic field in
which it is placed, and the length of the wire. The
direction of the force is determined by the
direction of the movement of the electrons in the
wire and the direction of the magnetic field in
which the wire is placed. This interaction between
magnetic fields is the underlying principle for the
operation of all electric motors, where the attrac-
tions and repulsions between the magnetic fields of
the armature (rotor) windings and the field (stator)
produce~the torque which turhs the motor. The

. torque of the motor dependsOn the strength of the

windings in the armature,
s in each winding, and the

\ ’ . '
: LN

current, the number
the number of tu
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strength of current and number of turns ,irf the the direction of rotation by reversing the current in

field coils. All direct-current motors utilize a ‘either the armature or in the field windings, but

commutator and brushes to change the direction of not in both. The series-wound direct-current motor

current flow in the armature coils at just+the right can be operated on alternating current because.
_ instant during the cycle in order to maintain the both the armature and the field windings change

rotation. Direct-iurrehnt motors may be reversed in polarity simultaneously in step with the alterna-

‘ tions in the current.

The induction motor operates on alternating
current only because the motor &epends on the
alternating magnetic field produced by the current

Field in the stator to induce an alternating current in the
: E rotor conductors. The current induced in the rotor
A

Armature

(1) (

’ is opposite in direction to the stator wgurrent;
therefore, their fields are in direct opposition to

: each other. However, since a torque is necessary to
’ produce rotation, the starting coil must have a
. ~ current which is out of phase with the stator

current. This' change of phase of the stator coil is
accomplished by either a capacitor or an inductiof
coil, which causes the current to either lead or lag
-the impressed yoltage. When the rotor approaches
Armature near-synchronous ' speed, the stator cu_rrent is
' ‘ e interrupted, and the alternations in the main stator
coil which are out of phase with the induced
Field current in the rotor will continue to supply torque
to maintain the rotor at near-synchronous speed.
(2) ,() : The synchronous motor is a constant-speed motor
because its speed of rotation is determined by the
frequency (cycles per second) of the alternating-
current power supplied to the stator and the
number of poles on the rotor, in accordance with
the formula rpm = f X 120 + p, where f =
frequency of alternating current in cycles per
second and p = number of poles.

Variable speeds are obtained in direct-current
and universal alternating-current/direct-current
motors by controlling the amount of current with
a rheostat.

Since the electric motor is similar in construc-
tion to the electric generator, the rotating motor
_produces a current which opposes that being
supplied to the motor. This opposition accounts
for the fact that more current is required for
starting an electric motor than for operating it at
its designed speed.

DC input

{ Application of Pfinciple
DC.'_ : 1. Laboratory activities involving all of the
Inpu various types of electric motors would be

The diagrams show the wiring of (1) a direct-current virtually impo§sible. How';vever, a list could b_e
series-wound motor; (2) a direct-current shunt-wound made identifying electrical motors by their

motor; and (3) a direct-current compound-wound type and utilization, such as AC, D_Ca induc-
motor. 7 Q tion, synchronous, series, shunt, and others;
€.

o



and the advantages and disadvantages of each

could be discussed. Skills could be applied
and the understanding of technical informa-
tion extended through*disassembly, testing,
and study of the various circuits involved.

. A simple demonstration which indicates the
relationship between the am?unt of current
required and the load applied” to the motor is
obtained by connecting to a battery an
internal-combustion-engine starter motor
which has-been removed from the engine, and
measuring the amperage required by the
free-running starter motor. Next, the ammeter
is connected to a starter motor which is
installed on an engine, the engine is started,
and the amperage required to turn the starting
motor now that the load of the engine has
been added is noted. The two amperage

readings are compared and their implications .

are discussed.

_Another common application involves varying
the speed of electric motors, Sewing
machines, as well as automobile-heater and
air-conditioning blower-motors, utilize
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necessity for variable speed and the precise
means of accomplishing such speed. The
various components, such as the brushes,
commutators, and rheostats, which make

- possible the varying of the speed of an electric
motor, can be physically examined.

. Opposed to an electric motor, which must
operate at an infinite number of revolutions
per minute, the synchronous motor must
maintain continuous revolutions per minute.
The rpm of the Synchronous motor is con-
trolled by the frequency of the alternating
current and the number of poles in the motor.
An example of a synchronous motor which
should be examined is an electric clock.
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Scientists are working constantly to fin‘éi__ne'w
methods for generating electrical power. One
method that has great promise is the fuel-cell. This
cell has been used to develop electrical power
inside spacecraft "that have carried astronauts into
outer space- :
Fuel cells produce a continuous flow of electric-
ity by meaps of chemical action. These cells create
electric energy with greater efficiency than do
most other electrical generators. A fuel -cell can
produce electricity as long as it is fed fuel ‘along
with oxygen or air. Dry-cell batteries work on a
similar principle but cannot be fed continuously
with fuel. .

The fuel cell consists of electrodes; an electro-
lyte; a fuel, such as hydrogen gas: and an oxidizing
agent, such as oxygen. In-the hydrogen-oxygen fuel
cell, catalytic nickel is used for electrodes, and the
electrolyte is potassium hydroxide. Oxygen is fed
to the positive electrode and hydrogen to the
“negative ejectrode. The result of ttée chemical

pp. 549-55; (33), pp. 136-51; (47), pp. 356-403;
(54), pp. 397-99; (65). pp. 186-92; (69), Chapter
19, pp. 31-32;(75), Chapter 34, pp. 3-1 5:(86), pp.
108-12. :

Unit 29 — FUEL CELLS o

action\in the cell is the production of water, which
must Ye removed to maintain the proper electro-
lyte goncentration. The voltage output is approxi-
nratgly 1 volt per fuel¥ell. Because of the high cost
producing a fuel gll,’ its use is limited at the
esent time.

In Gemini spacegraft the smallest active element
of the fuel-cell battery is the thin individual fuel

_ cell, which is 8 inches long and 7 inches wide. Each

cell consists of an electrolyte-clectrode assembly
with associated components for gas distribution,

" current collection, heat removal, and water con-

80

trol. In the fuel-cell battery for the Gemini, 32
cells are series-connected to form a module. Termi-
nal plates instzlled on the ends of the two outside
cells in the -module serve as electrical connectors
for the external circuitry. Each module has its own
hydrogen and coolant manifold as well as its own
water-oxygen separator. Three modules containing
a total of 96 single fuel cells are installed in a
cylindrical container to form a compact fuel-cell

~

~
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‘battery. The three modules are electrically inde-

pendent and are connected in ‘parallel through
connections to the main electrical bus. The fuel-

.cell batteries may also be connected in parallel

with the reentry batteries. Fuel cells are highly
efficient; they have an overall thermal efficiency of
more than 50 percent. They are capable of
producing more electricity per pound ‘of fuel than
all but nuclear devices. The fuel-cell batteries are
silent, . fumeless, and operable without moving
parts. P '

Scnentlfic Prmcnple Involved:
" Electrochemical Effect

The fuel cell is an electrochemical cell in which

the energy of the chemical reaction between .

oxygen and_ a gaseous fuel such as hydrogen,
natural gas, or carbon monoxide is converted
directly into’ low-voltage, direct-current electrical
energy. e hydrogen-oxygen cell, hydrogen gas
passes through the porous nickel elect'rodes and
reacts with the hydroxide ions of the electrolyte.
This reaction forms water and gives up electrons’ to
the electrode. When an external circuit is com-
pleted to the oxygen-fed.electrode, these electrons
move to this electrode and enter into the chemical
reaction, where the oxygen reacts with water to
form negatively charged hydroxide ions. These ions
replace those which were used up at the hydrogen-
fed electrode. The net result of these reactions is
the combination of hydrogen and oxygen to form
water in the cell and the movement of electrons
“from the hydrogen-fed cathode to the oxygen-fed

‘anode._ In addition to" acting as 'an electrical

Output: .9 volt,

[

Pr&ure regulator l
Electrodes
=
=—Hydrogen A
Oxygen tank Condenser
Water vapor\.
7

1] Separator pump

conductor, the porous nickel in the electrodes
serves as a catalyst by breaking-down molecules of
the hydrogen and oxygen gases into separate
atoms, helping to speed up the chemicdl reactions
at the electrodes. Since thé electrodes do not enter
into the chemical reaction in this cell, they do not
deteriorate as in the conventional electrochemlca]
cell. .

In Gemini spacecraft, ion-exchange membrane
fuel cells convert thé energy of the chemical
reaction of hydrogen and oxygen directly into"
electricity.- Unlike conventional batteries, fuel-cell
batteries will continue to operate as long as

. hydrogen and oxygen are fed from an external
source. The structure of the fuel cell contains an
anode and cathode, Wthh are in contact with a
solid plastic electro (1on-exchange membrane)
that permits the change of hydrogen ions
between electrodes. In the presence of a metallic
catalyst, hydrogen gives up electrons to the load
(where they do useful work as an electric current)
while releasing hydrogen ions, which migrate across

. the electrolyte to the cathode. There the ions

combine with oxygen and electrons from the load »

circuit to produce water, which is carried off by:
wicks to.a collection pznt Ribbed metal current-
carriers are in confact with both sides of the
electrodes to conduct the produced electricity. The
fuel batteries and ‘the fuel and oxidant supply are
located in the spacecraft-equipment section. Total

consumption is approximately 0.9 pound per -

kilowatt hour. Fuel'and reactant flow is regulated
to delivery pressure by a dual pressure regulator
and relief valve. By-product water from the fuel-

i |- Pressure regulator

N

-

The hydrogen-oxygen fuel cell uses
catalytic nickel electrodes and an
electrolyte of potassium hydroxide.

Hydrogen tank

8 1
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cell battery provides a pressure reference for the
reactant gases. .

Application of Principle -

Fuel cells are classified as one of the more exotic
power sources in use today. Most of the fuel cells
produced are used for scientific experimentation
and military or specialized industrial applications.
One source of information concerning laboratory
activities relating to various types of fuel cells is
contained in the laboratory manual (pp. 135-40)

4

Some modern automobiles have automatic head-
light dimmers and automatic light switches. These
devices are operated by a photoelectric cell, which
is used to convert radiant energy into a flow of
electric current. : ,

The first photoelectric cells used the photo-

electric vacuum tube as thé control device. The .

photoelectric tube can provide electric current for
_ operating devices that will turn on burglar alarms,.
open doors; pi sound in the sound motion-
picture projectors, and control a variety of devices.
Certain materials (such as potassium, sodium,
selenium, and cesium) will give off smalil quantities
of electrons when held in ordinary light. When
light is focused on the material in the vacuum tube.
a positive anode will attract the electrons which arc
emitted. The current flow in the phototube, wlhich
is very small, is usually increased by an amplifier.
The output of the amplifier can be connectgd to a
relay that will turn a circuit on or off. :
Most present-day photoelectric cells use solid-
state materials in which . small voltage can be
produced when light shines on the matdrial. These
solar cells, called photovoltaic cells, use two types
of material which generate a voltage at a junction
between the material* when light shines on the
surface. A good example of such a device is the
light meter used in photographic meters where the
output of the cell is connected to a sensitive
galvanometer.-The stronger the light, the greater is
the valtage produced by the cell. The increase or
decrease of the cell \/oltage is determined by
reading the needle movement in the galvanometer.
The automatic headlight switch used in thg,
automobile tugns the car lights on or off according*
to the lighf level. As evening approaches and
daylight is reduced to the point where lights are

b
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.for the%g bbok, which was Written by

Joseph W. Duffy: Power: Prime Mover of Tech-
nc'ogy (First edition). Bloomington, I11.: McKnight
& McKnight Ppblishing Co., 1964. :
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Unit 30 —.PHOTOELECTRIC .CELLS

needed, the photoelectric cell turns the car lights
on. The p_hotoelectric cell, which is mounted,
behind the windshield, is exposed to the light. This
cell is connected to.a transistor amplifier circuit
which operates a sensitive relay. This relay is
connected to a power relay that turns an:the car
lighting systémi. .

Scientific Principle Involved:
Photoeleétric Effect h

Photoelectric devices \depend on the absorption
of incident light (infrared through ultraviolet) by
electrons in the sensitive material to alter the
electric characteristics of the material. According
to the quantum theory of light, photons are the
small bundles of energy or quanta associat®d with
light radiation. Since the energy of the photon
depends on. the frequency of the light wave, :
photons of ultraviolct light (higher frequency) have
more energy than visible and infrared light. When
an electron’ in a material absorbs a photon of
radiant energy, it may be released from its bonds

* within the material, and its energy of motion will ,

depend on now much energy it absorbs from the

Selenium or cesium.strip

Electrons

Pho tdns

-

Galvanometer

-

Light falling on certain metals, such as selenium or

cesium, produces an electric current.
: t
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photon and how much of that energy was used in = P- type‘\ﬁatenal allows the more energetlc electrons
breaking the bonds. The magnitude of the photo- to move across the barrier into the N-type material,
electric effect is determined by the intensity where they are free to move and deliver electrical
(number of photons) of radiation absorbed. power-in the external cifcuit.

«« In the vacuym or gas-filled phototube, the Application of Principle
sensitive-element (cathode) is coated with a metal, I. Demonstrate the characteristics of photo-
such as potassium or cesium, which emits electrons ™ ) voltaic cells by connecting a cell (silicon
from the surface when subjected to incident llght selenium. or the like) to a mflliammeter’

, These photoelectrons- are accelerated toward a Expose the cell to ordinary light and observe
‘poitive anade in the same. way as in the conven-" . " {pcicrion of the miliammeter (0-1). Vary the
' tional electron tube™ . “ intensity. of thé®light and note the meter

Photocells which use, a single semlconductmg . readings also vary in direct proportion to the
material, such as selenium or cadmium sulfide, intensity of light striking the photoVoltalc
depend on the photoelectric effect to produce ‘ cell.
pairs of free electrons and positive holés within the - - 2.Use an ordinary lightmeter to measureé‘the
material. This increase in the number of free .= - .avallable light when taking pho;ographs
electrons and positive holes results in the propor- Record the readings as the meter is exposed -
tional increase of conductance ?f the cell in the o to direct and indirect llght in varymg dée '
battery -powered circuit. PR ' . Also note the change in the\meter reading’as -

Photovoltaic cells, such as the solar cell, use two . the color .of the subject 'or b ound
different semlconductmg materials in contact with " changes. - : A
each other to form an N-P B‘amer In the N-type _ : LY
material, such. as selenium- sﬂlcon conduction lS 4 . Selé€ted References .
~.due’to excess free electrons; in the P-t’ype material, _Note: The numbers in parentheses in this section refer to

such as boron-silicon, conduction is due to the. . entries'in the list of selected references rharappear within
excess p‘ositlve»holes This separation of electrical - this publication immediately after the text.

_charges produces an electrical field across the (9), p: 152;(13), pp. 576, 577; (16), pp. 307- 8,‘
“barrier. When light is absorbed at the barrier * (26), pp. 339-426(]2} pp. 333-34, 352,458;(33),"

“region, new pairs of free electrons and positive @ pp. 27, 281-83; ( p. 513;(47), pp. 39, 253-57,

holes.are produced by the photoelectric effect. The 405, 459 (54), p
mcrease in the‘.number of free electrons in the - p.7. :

’
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Unit 31 — SEM|CONDUC'_|'OR POWER RECTIFIERS

kept: charged. With the jncreased - electrical known as dry. rectifiers.{At the present time

demands . in the 'f‘fmoblle the: alternator is germanium or silicon are “bel

efflme ncy and generating capabilities a¢ low speeds. ring end of the alternator. ) ‘
) j
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31,448;(65), pp. 64d65 _(861. )

used for solid-state -
ent generator because ofeits rectifiers, which are usually. mdwpted in the slip-

-~y

: - _ Vs
In g@rtain electronic circuits it is desirable to * Vacuum tubes can be used as rectifiers, but in ..~
convert alternating current into direct current. - many devices they are being replaced by sohd-state e
Such devices as radio receivers, television sets, . semiconductors. These . semlconductors “called
stereos, and tape recorders.all require a source of _ diodes, will permit current to flow ‘through the
direct current. To obtain the necessary direct conducting material quite easily in one directjon.
current from an altemagng-current power source, When the current is reversed, the semiconductor
" each of these pieces of equi{)ment uses a rectifier. offers: a. great deal of’ reg;sf]ice to the flow of
The rectifier changes the alternating current l{ltO current. Thus, the semicohducter diode, will permit
direct current. © current to flow in one duectldn only; and when.-
In the modern automobile the alternatmg- connected in an alternating<current circuit,’ t}le _
“current generator, called an alternator;, also must ' output from the diode is dirégt current.
.-have the alternating-current output .rectified to . The early. semiconductg power rectlﬁers—
direct curfent so.that the storage. batteéry.can be-”  copper oxide, copper sulfide, and selepium — were
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When a single diode is used,?é?‘&fjé:tiﬁer in an
alternating-current circuit, the output, aftér ng
through the diode, will be-pulses.of direct’ nt. -
Direct current will flow only duritg half OF the

‘altematingféurrent cycle since: the diode will

permit current flow in one direction only. So that
a much smogther direct current can be obtained, it
is possible to~“design a circuit, called” a full-wave
rectifier that ‘will rectify both ‘halves of the
alternating’. cycle. The output- provides a much
smoothet flow of current since two pulses of direct
current are .produced for each é:}l?cle of alternating
curent. Such a cir'cui‘t,;'"calle‘ ."a-bridge-rectifier
system, uses four diodes.,” - : '

-“In_the automobile it ,_ls_,very.desira.l')‘le to*have a

fairly smooth direct currént for chargingmsag

connec “a “delta)” :conngItEgN
arrangefment enables the generator td pré¢
three-phase alternating’ «¢urrent -which - provides
overlapping cycles -¢f* ‘alternating - current. The
@tput of the thre?ér-[illfésé.burrfent is connected to
# 'solid-state diodes so’ thiat the ontput from the
rectifiers is a fai‘gl_y,"'pp'{h‘s'ta_'n- direct. current. Since
“diodes produce, heat “when they dre conducting

* “gurrent, it is fgcesSary fo nise special devices called

_ﬂiea‘t sinks$ tb'a@éng»mis‘@jé_rg“y.- The*diddes are
placed. 'inside the -alterhator; and the heat sinks
‘have lirge Tadiating surfaces.to allow the heat to be

R 'radiat'eddiri'tO;thel-a'in sirrounding the generator.
S TR

e

- Scientiﬁqsfl’r/’;in'c:ipie Involved:
" Rectification with Sémiconductors

» Silicon.and geranjum are quite similar in their
“ structure and “Shemicat ‘behavior. The atoms of
“.both elements havé fotr electrons bound in the
“ sagne way in_-their "respective crystals. In its

‘

t?ansistor. functions germanium is the more versa-
tile semiconductor. Germanium acquires_the diode
property of rectification and the transistor pto-
perty of amplification through the presence of
certain impurities in the crystal structure. Two
types of impurities are important;,one is known as
a donor, the other as an acceptor. - .

" Arsenic and antimony- are typical donor elem-
ents. When minute traces of antimony are added to
germanium, each antimony < atom donates one
electron to the crystal structure. Four of the five
electrons are paired, but the fifth ‘tlectron is
relatively free to wander like the free electrons ofa
metallic conductor. The detached electron leaves
behind an antimony atom with a unit positive

Kl
r

)

thi ':¥&ype of crystal

..4 s : v*’: ,. g .
charge. C;ennamumﬁ: with
stryoﬁurcv'xs;galllq§m§type, or elettron-rich german-

‘qum. N-typ@gerinagium consists of germanium to

ghich are added gqual numbers of free electrons
arit bound '@_é’;charges so that the net charge is
zero. e e . .

LR oo |

Atoms with three electrons, such as those of
aluminum and gallium, will act as acceptors. When
minute traces of aluminum are added to german-
ium, each aluminug atom ¥alibts a single electron
from a neighborjft. -:;Manium atom, leaving a hole
in the electronflz: “cnd from which the electron
is acquired. Thiidlilc agthe equivalent of a positive
charge since it 4 P trap into which an electron
can fall. As. an electron fillg"the hole, it leaves

another hole behind into -Which another electron.

can fall. In effect, then, the hole (positive charge)

detaches itself and becomes free to move, leaving

behind the aluminum atom with a unit negative ’

charge. Germanium with this crystal structure is ;

__called P-type, or hole-rich germanium. P-type

germanium consists  of ‘germanium to which is

added an equal number of free positive holes and

boynd negative charges so that the net charge is °

ZEero. LI

Both P-type and N-typeg crystals are good con-
ductors, and .each will cpnduct equally well in
either direction. When. the two types are joined
together, however, arf electric barrier is established
where their surfaces meet. The plane at which the

P-type crystal meets the N-type crystal is called the -

P-N junction. The free holes of the P crystal cannot
pass through the electric barrier at the P-N junction
to reach the N crystal; the free electrons of the N
.crystal cannot cross.the P-N junction to reach the P
crystal. : .
A small potential difference-impressed across the
pair enables the free electrons to cross the junction

P-N junction
-
- l ; :Pr——%}/ T -
e- : e-| .
: D IR
© Milliammetedf '

A

A small "potential difference impressed across the
P-type and N-tyf crystals enables the free electrons,
to cross the junction and pass into the P-crystdl.
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and pass into the 'P crystal. Similarly, the holes
cross into the N crystal. The apparent movement

©of holes is in the opposie sense to the actual

ovement of electrons which fall in"the holes of
the P-type crystal. Thus an electron movement is
established across ‘the P-N Junctron and in the
external cirucit.

If the battery connections are reversed the free
electrons in the N crystal and the free holes of the
P crystal are attracted away from the P-N junction.
The junction region is left without current carriers;

consequently, there is no conduction across the.

junction ahd no current in the circuit.

It is the junction which has the distinctive
property of permifting electron movement in one
direction with ease when 4 small voltage is applied
in the proper sense. Thus, the P-N junction is the
rectifying element"of semiconductor,crystals.

w0 VA
Application of Prmcrple ¢ ’
. A characteristic of solid-state rectifiers, such as
the diodes used in automobile alternators, is that
they will allow current to flow in one direction

- only. This characteristic may be demonstrated, and

at the same time the diode may be checked for
opens and shorts, by using an ohmmeter.

1. Select a diode, either positive or negative case,
from an alternator. If a negative-case diode is
selected, gonnect the negative lead of the
ohmmeter to the -case -of the diode. Next,

: Y "
g,

: 4 B AN P # )

“o

-

RS

“_\;....\ . .
« tcgnnect the pobitive lead of the ohmmeter to
e positive:lead of the diode. Reverse the

) connectiots when checking a positive-case
diode. Althdugh there may be a wide varia-
tion in the J ..15tance of different diodes, the
ohmmeter, } admg should be consistently
above 300‘ohms If ‘the reading is below 300
ohms, the dlode has probably been shorted
and should be ‘replaced.

2. Check an open circuit in a negatﬂe-case diode
by connecting the negative lead of the ohm-
meter. to the positive lead of the diode and
the positive lead to the negative case of the
d10de ‘Reverse the connections when check-
ing’a posmve-case diodé. If an infinite resist-
ance i§ indicated by the ohmmeter, the diode
.-has an open circuit’and should be replaced.

- 'Note:. If the diode is good, there will be no

. “current flow when the ohmmeter is connected

’ as indicated previously. -However, reversing

the connections on the diode will cause a
current to ‘pass thro@_‘x the diode.

L

Note: The:numbers in parentheses in this”® sgction refer 16
entries in the, list of selected references that appear within
this publxcam;n rmmedxately after the text.

(22), p. 220; (26), pp. 348-49; (27). pp. 621-23;.
(33), pp. 269-70; (47) pp. 433 39; (65) pp.
268 70; (75) Chapter3l pp. 7-8.
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Through the use of hydraulics, the strength
(muscle power) of a person can be multiplied
thousands of times. For example, it is possible
through the use of hydraulic jacks for a person to
lift a part or all of a house. Hydraulic tools are
used extensively in the automotive industry. When-
ever a heavy force must be applied or a heavy
weight lifted, a hydraulic tool has been designed to
provide the means. -

A hydraulic jack or press consists of large and
small’ cylinders connected at their base by a small
tub&®or internal passage. A piston fits into each
cylinder. When a force is applied to the handlé at
thé small piston, a pressure is developed in the
small cylinder. The pressure developed depends on
the ‘area of the small piston and the force applied.
This pressure is carried through the hydraulic line

o the large cylinder. In this cylinder the pressure is
applied to the large piston, forcing it.to move.

In the simplified diagram of a hﬁ;aulic press, a
lever is attached to the small piston: As thesmall
piston is pushed down, some of the tiquid from the
small cylinder (1) is forced into :the large cylin-
der (2). This pressure raises the large piston a small

Unit 32 — JACK? AND PRESSES

amount. As the lever-is worked up-and down, it :
pumps the liquid from the reservoir and fofces it

into the cylinder (2). When the pressure is to be;

-3
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SECTION VI
HYDRAULIC POWER ,

e 5

Small piston T w o J ~
L (2.)\ § \ I‘;p -Q'__:'.

alve =W |1 ol g

Valve -} — sy 7 W

~ - valveg oA o

released, the reservoir valve is Bpened to the =~

liquid flow from the cylinder (2) back%into the
Teservoir.: C PO T
The foree is determined by the presay ,. ;
area of the pistons. Fiill example, the s STh i
has an area of 1 squ edhn
directly to the larger piston,
100. square inches. If a &rce
applied to the;/small pision, a
pounds per square inch is develope NThis pressure
is transmitted to the-larger cylinder,/which Has a ;
A'his piston i‘s,]’
20,000 pounds -
(in.) Thi¥gain s ‘
0 3.2’ ‘:\ﬁ,_’:
A

L K
& B .
[
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piston area of 100 squ'areqfnches.
therefore, pushed with a feree.
(100 sq. in. X 200 Ibs. per

;s.‘.
/4
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, .
forte (from 200 to 20,000 pounds) is made at the .
expense of distance moved. If the small piston .-
moved 5 inches, the large piston moved 5/100 of-

an inch. The output force conld be doubled by -
decreasing the size of the small piston and cylmder o

té !4 square inch. Howeve
would be halved. ' :
"~ The force of 200 poundtkapphed to. the small

hardista cé: ‘inoved

cylinder is easy to obtain. Most jacks, presses, and
cranes have handles which are used to apply _the o7
force to the small cylinder. These handles ‘afe”

arranged as levers and multiply the applied force at
the expense of disgmnce. The 10-ton (20,000-

-‘pound) jack used as an example is relatively small,
but 60- and 80- ton jacks are available. The output
force is very high; however, movement is. quite
slow.becausé of the tremendous mechanical ‘advan-
tage needed to multiply a 50- to 100- pound force
to an 80-ton force.

Scientific Prmcnple Involved:
Pascal’s Principle

A hydraullc pump or set of cyhnders does not
* “‘pump’* pressure. It merely produces a flow of
hydrauhc fluid. Pressure is generated only when 4
. restnctlon or load is placed in the circuit. If the
' flow encounters negligible resistance, the devel-
, oped pressure is negligible. As the resistance force
increases, the pressure within the system produced
by the pump (or cylinders) increases to meet the
re51stance force. The mechanical advantage pro-
duced by a set of hydraulic cylinders is equal to
{r‘the ﬁtlo of the surface area of the pistons. This
Tatio determines the ratio of distances moved by
each cylinder, another measure of the mechanical

“ " advantage ™~

~

Hydraul .Rmver as
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" Pressure applied anywhere on a confined: liquid "

or gas is transmitted undiminished in eyvery. direc-

tion. The force thus exerted by the conﬁned liquid

‘ot gas-acts at right angles to every portion of the

surface of the container and is equal’ upon equal
areas (Pascal’s pnnmple) ;

Ce

Applicatlon of Prmclple !

"T. The mechamcdl wvantage of hydraullc Jaclts
can be determmed by ‘measyfif
ing the dlstance the small '
move. o '

. Different welghts pan be piacedq'ﬁt ;the jack to
shiow that a resistance is necessary. to prodw
a- mechanical advantage A- comparison of
force applied. to the weight lifted can*also be
calculated by operating the jao’( handle
through' a spring scale. The efficiency of the
jack can be shown by a comparison of.the
theoretical mechanical advantag and the
actual mech'wal advantage.

i, e

. Hydraulic devices can be disassembled and °
assembled to assist in understanding the 0per-‘
ation of each part.,” The exact theoretical
advantage of the hydraulic parts can be
provided by the measurement of piston sizes.
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Unit 33 — MACHINE TOOLS

In many applications hydraulic systems are ore
_efficient than mechanical linkage or a train of
ears. In addition, hydraulic systems are more
%exible in tern?sf;,of load, speed,-and mechanical
‘ advantage. The basic system consists of an-electric
‘motbr driving a- hydrauhc pump and other ratating
. parts of the machine. The hydraulic pump operates
.a hydraulic system consisting of control valves,
Ncyhnders, and gauges or sensmg devices. Both
".vertical and horizontal motion ‘of tables and
machine platforms can be operated and controlled
by the hydraulic. system
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Reversing lever z

Reversing valve

’ Simple valving permits accurate control of a hydraulically actuated shaper.

" Scientific Principle Involved: s
Pressure Transmission by, Eiquid

? Liquids, when subjected topressure changes, -
transmit the pressure *éhange to all parts of the
fluid undiminished ‘(Pascal’szprinciple). This prin-
ciple may also. be stated as follows: Pressure
-.7applied ' anywhere on a confined fluid " is trans-
Jmitted undiminished in every direction. The force
thus exerted. by the confined fluid . acts at right
- angles to every portion of the surface of the
" container and is equal upon equal areas. Note that
fluids may be either liquids or gases; Pascal’s
principle applies to both of these states of matter.

Applicaﬁo';lgof&!’rjnéible
Devices in which liquids are used to transmit

pressure, such as hydraulic presses, lifts, and
+ brakes, can be examined, tested, and operated.

N

'

o

Pressure gauges can be placed in thg system to
determine the system’s pressure. Cylinders can be °
measured and the pressure converted to force to
determine the force being used to produce a -
particular motion. Machines can be adjusted as
follows to demonstrate the hydraulic principles:

1. The speed of the machine can be changed by -
restricting liquid flow. -

2. An increase in prc;é,%u'-ré can be demonstrated
by increasing the work load. .
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‘ B R g, ‘. S
X Unit 34 'BRAKING SYSTEMS . .
1] - '.!‘ . . “ .

®Devices for retarding or stopping motion are
found in many pieces of equipment.’ 'b‘ésic type
of brq,king-operation is a band tightened ground_qg
a pad pressed against a wheel in matior. Brale
- can be assisted by regulating the movemefit -of
fluids (liquids or gases), controlling ‘the flow of

elect;ic' cun‘efft‘; ":,'reversing)'- the rotation of ship
propellers, revérsing the pitch of q”plane.pro-
pellers, closing the clam-shell doors of jet engines,
or pressing ‘a disk against the face of a wheel.

‘In the.braking sysgms of vehicles that move on
wheels (such as%aufor'nabiles, motorcycles, and

88 ‘- S
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oters)j'the friction between brake drums and
brake shoes or'between pads and metal disks slows
the rotation of .the wheels;. however, it is the
friction between the tires and the road that results
in the stopping of the vehicles. -

The application of ‘hydraulic force is almost
universal in the. brakmg systems of modern auto:
mobiles. The modern hydraulic system is a combi-
nation of mechanical linkage and force transmitted -
through liquids to the brake shoes or disks. Power

" brakes use a pneumatic cylinder ®perated by the

_ greater attention.

_engine vacuum- to increase the ease and efficiency

of the braking force. The efficiency of the braicing'
force continues to grow in importance as automo~
bile speed increases and automobile safety réceives

L~
Brake disk

@

"

B (1) thE disk brake is in a released,
), &r:ke is in an applied position
hydradéffc pressure {3) from the master

[ 4

g ad o
p PEEC Y
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- ‘._‘ Q—‘:’\) ' — Wheel cylmders - ( \
L N Retracting springs .- : \_  "y

system shows how brake shoes are actlvated to press

A schematic of'qethiml hydrat

the brake. lining against the brake'drums.

A practrcal applrcatro force distribution
through liquid pressure iy found in the four-wheel
hydraulic brake system of the automobile. When
force is applied to th¢ foot pedal, a pressure is
transmitted equally throughout the.system to each
wheel by the employment of the mechanical
advantage of levers. At the road wheel hydraulic
cylinders convert force through mechanical linkage
to the brake shoes or friction pads. Release of
pressure on the foot pedal reduces liquid pressure
in the system, and spring tension returns to the
original position all components, such as pistons,
springs, and shoes. :

Scientific Principle Involved:

Pascal’s Principle

the force acting against the entire
area of a particular surface. A liquid exerts a total
force against the entire aréa of the bottom and
sides of its container. Since liquid pressure equals
force per unit area, total force equals the product
of the average pressure on the area times the entire
area.

The principle of the transmission of force by a
liquid can be illustrated as follows: If a force of 50
pounds were applied ‘to. a piston at‘'a master
cylinder whose area was 2 square inches, the 50
pounds of -pressure would be distributed equally so
that each square. inch would produce 25 pounds of

Total force

* force. ,r(:e apphed at each wheel cylinder
would be 2 ’pounds if the cylinder hadfan area of
one:: square . ch/ Force can be incr@ased by

enlargmg the.dfameter of the output cylmder or by
increasing the pressure per square inch (psi).

’ [ KI M Wheel‘cylmders - | ‘ .
| P, . A s .

Brake -
lining pp—
- ~~—X=" “Brake shoe
Brake drum . '
" ® Brake line Adjusting lrn k “‘3 v
D |
Za

R
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Application of Pfinciple o
Instruction relating to basic hydraulic principles
can be furthered th¥ough activities involving the

-service and repair of automotive hydraulic brake-

systems.- Some of the activities students can per-
form are as follows:

1. Measure the pressure developed in a brake
system.
" 2. Calculate the force d)eveloped at each brake
e.
3. Service and repzfir automotive brakes.

", .

The fuel pump is a simple example of the
hydraulic pump used in almost all hydraulic
applications. Power steering in the automobile is
anothegYapplication of the hydraulic pump. Many

machines, jacks, and automobile lifts use hydran- -
lics as their pfincipal form of power. Production

processes in in
‘hydraulics. | :

The hydraulic fuel pump is désigngd to,supply
gasoline to the carburetor of an internal-
combustion engine at a gonstant low pressure: It is
a positive displacemenf” pump using a di;‘a;tphragm
driveni by a spring to develop andgmaintain pressure
on the putlet side. In operatio the diaphragm of
. the fuel pump is pulled-back on the intake ‘stroke
N\by the action of the éngine camshaft. As. the
iaphragmg_moves back on the intake stroke, a
ttial vacuum js produced in the fuel chamber.

rial plants make extensive use of

% sand’,in
‘ldiaphragm pushes the:diaphragm forward, placing a
pressure’ Of approximately 6. pounds per square
inch on theefyelin the chamber. This pressure
. forces the fuéif}against the inlet valve, closing it.
"‘When the c'éfﬁ&tor needle valve opens, relieving

the pressure y’it lin& between the fuel pump and

carburetor, %ﬁe.,ﬁléﬁﬁziﬁgﬁ';moves fdzfmr'd,--ﬁUShi.ﬁs‘

fuel through sthe -Gutlet: vdlvé.and into:the. carby-
retor. The spring 'and. diaphragm.. maintain - an
almost '
providingfa “continuous supph
carburetor. " ., - R ,
An electric fuél:pump is used on some heavy-

-]

spheric presstre acting on the fuel in the tank .
pushe\it through the fuel lines, past the inlet valve,’
'inYo”'the fuel pump chamber. When the -
iaphrdgm is_released, a spring lotated behind the

stant -pressure "on_“the:"fusl; thereby '~
s £} fuel to -the .

T

., 4 3Y

"‘:".-'1\" ; R’
. R ﬁimp in!

duty equipment, such as trucks and buses: This -
. . & : ry

e 90 .2

4. Determine the compressibility of air as com-
pared to brake fluid by allowing air to be
admitted into the system.
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.. Unit 35 — FUEL PUMPS

fuel purrfp contains a flexible metal bellows that is
operated by an electromagnet. o

Certain iriternal-combustion engines make use of
the fuel-injection system. Instead of a carburetor
this system uses a series of injection nozzles and a
high-pressure fuel pump to spray the fuel into the
air enteri:;g.,the engine cylinders;

¢ Scientific Principlé Involved:
.. “4:4  Atmospheric Pressure

Iiquids will always flow-tg_balance a pressure
differential. When the pre withip the fuel

‘pump chamber is reduced below atmospheric

pressure (14.7 -pounds per squage inch) by the
action of the’ diaphragm, atmospheric pressure
within the. gasoline tank”pushes the gasoline from
the tank ifito the fuel pump chamber, ‘balancing

the -pressure within -the tank aryl .fuel pump
chamber at atmospheric pressure. .

% predented above shows a typical fuel
Powhicq the movement, of the diaphragm
uces a partial vacuum. - "k& S SO
A - B3

. prod
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Application of Principle

1. Disassemble and assemble a fuel pump, study-
ing the operation of each component part.
Determine the operating characteristics of the

. total pump and the contribution of each part
to the operation of the pump.

2. Test - the fuel pumps in three ways.— for
volume, vacuimr; and pressure & as follows:
a. Conduct the volume test by disconnecting

~ . the outlet line of the fuel pump and
. pumping gasoline into a measured con-
" tainer. Run the engine at idle speed on the

fuel remaining in the carburetor. In a
specified time compare the output with the
.,,anmanufaeturqu specifications.
b.-Conduct the*¥acuum test by attaching a

“vacuum gauge to tl§ inlet snde of the fuel‘

TN P

Steermg an automobile by moving the steering
wheel manually has become more difficult because
of increased weights and the use of wide, low-
pressure tires. Ratios between the steering wheel
“and road wheels have b¥en increased to compen-
sate for the greater force needed to turn the
automobile. A method of obtaining additional
force to turn the wheels is the power-steering
assembly. Power steering is
- designed to assist the driver in turning the wheels
of the automobile. During the pastVears a number
bof systems have evolved. Each, however, consists of
a hydraﬁjc pump driven by the automobile engine.
, ~ The hydraulic fluid, ﬁls

controlled by a series of valves which direct t

hydraulic system -

under pump pressure,.fis”

fluid to the proper chambers to assist the driver i m

turning the automobile. .
The hydrauhc pump is the heart of any hydrau-
Jdic system. The pump develops no power of its
- own; it simply converts work applied to its drive
shafts into the movemient of a volume of oil under
pressure. The volume is expressed in gallons per
v‘"mmute (gpm) and the pressure in pounds per
“"" square inch (psi). The two types of hydraulic
pumps in common  use are the
«displacement pump .and the nonpositive-

positive- -

displacetnent pump. The nonpositive-displacement

pump uses the centrifugal force caused by rotation
.to move large quantities of fluid.at low pressures.
The automotive-engine water pump is of this
design. When permitted to operate freely, it moves

/ ’ -

P

o _ " Unit 36 — POWER STEERING

-2 chamber
LI

7

pump. Operate the fuel pump and compare

the obtained” vacuum with the manufac-
turer’s specifications.
_c. Conduct the pressure test by attaching a
‘pressure gauge to the outlet side of the fuel
. pump. Operate the fuel pump and compare
“the obtained pressure with the manufac-
4 turer’s specifications.
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_ . , Pump inlet
- — return

" Oil filter
Retyrn line

Valve spnng ~§
-

» Control valve
Outla port

The vane-type pow%steenng pump provides addl-
tional force to asslstw turning the wheéls. of an
automobile {Ford NLptor Co ). Y

v

large quantltles of water through the - coolmg"
system. If the §ystem is restricted, as it is when the

engine is cold and . the thermostat is closed, the
pump will simply rotate® without movement or
displacement of water. ~ " -

“All  power-steering systems
displacement pump. For each revolution of the
pump shaft, a specifiC . quantity of flul is dis-

+ placed; i.e., pumped into the outlet line. Positive-

91

have the advantage of
pumlpjégg' high pressures;

d1§placement pumps
(1) capability for

~ i

_\ﬁ\

r

use a ,posltlve-'

.



(2) minimum size; (3) relatively high volumetric
efficiency; (4) relatively small change in efficiency
throughout the pressure range; and (5) great flex-
ibility of performance. Most power-steering pumps
agtoday’s vehicles are based on a vane design or a
modification of this design.

Some ‘power-steering systems use a simple
hydraulic cylinder connected to the steering link-
age to assist the turning. In these systems fluid
under pressure is pumped to one side of the
cylinder. The pressure of the fluid in the cylinder
forces the piston to move within the chamber.
Since the piston is connected to the steering linkage,
the movement of thepiston helps turn the automo-
bile wheels. In some cases the piston is stationary
and the cylinder i$ connected to the linkage. In this
case the movement of the cylinder -assists turning.

P

Scientific Principle Involved:
.. Pressure Transmission by Liquids

Hydraulic fluids under pressure exert a force in
every direction within a closed container. The
force resulting from the pressure is determinedsBig
the pressure and the surface area on which:iti¢
pressure is applied. When the pressure is applied to
a movable piston (or stationary piston and movable
pylinder), the resultant force is equal to the

pressure per square inch (psi) times the area of the

Ca

piston, measured in the same units (square inches). "~

Application 1}[{ Principle

. R LT
| Power-steering systgnrs can be tested on the
automobile for Joperating pressuré, flow

Unit 37 — AIR

y

Autom09

make the’ in
comfortable during summer driving. This comfor
is attained by removing both heat and water vapor
*from the air automatically. As the temperature of
the. air_is lowered, the ability of the air to hold
water'decreases. The air reaches its coldest temper-

‘4

e

ature in the car and air conditjpner when it passes . -

over the cooling coils (evapor#or). Water vapor in
the air condense? and is deposited on the cooling
coils. The water’is collected at the bottom of the
~ coils, and a hose carries the condensedvater to the
ground undgr the automobile. ,
i The automobile air conditioner uses the

same
" 4 principle of operation as that used by most}&me/
. R "‘ ) ‘“@‘I

L.
- 4

&

ile air- conditighers are designed to
terior climate of the automobil%-‘.,

83

(gpm), and relief-valve setting — maximum
system pressure. By the installation of an
engine tachometer, -a decrease in engine speed
will be noted when the pump is operating at
maximum pressure.

. Through the use of selected power steering
components or purchased hydraulic pumps,
motors, and cylinders, a number of devices
can be constructed as follows:

a. A drill-press vise can be made to operate
hydraulically by the use of a hydraulic
cylinder and pump. , P

. A hydraulically operated can crusher can
be built through the ‘use of a hydraulic
cylinder and pump in addition to a.cham-
ber to hold the can being €rushed.

[
_c.’A pencil sharpener can be operated hydrau-
lically through the use of a hydraulic pump

- . and a motor. 5

8
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CONDITIONERS

..

refrigeration units and industrial air conditioners.
These gystems use the principle.that' when a liquid ..
changes to a gas, heat energy is required. The heat
for this change of state comes from .the surround-
ing materials and air. The change jakes place at a
constant temperatuft. The t¢1ﬂi§€ratdr€:‘ at which
this ‘change f state takes place- is,- however, - -
dependent upon the. pressure placed above the
liquid. As the presstre incréases, the temperature
at which the change of state occurs increases.
Freon-12, an ‘odorless and nontoxic chemical
" consisting of carbon, fluorine, and chloring, is the
most common liquidd used as a refrigerant in
automobile air conditioners. At atmospheric pres-
gure Freon-12 (F-12), boils at 21.7 degrees F. - 4

- \
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below zero. At a pressure of 42 pounds per square
inch, F-12 boils at 45 degrees F., which is a more
practical temperature for air conditioning. Each
pound of F-12 which changes to a liquid removes
70 British thermal units of heat. The heat comes
from the surrounding air. Since heat is a form of
energy, the removal of this energy from the air
lowers the temperature of the air.

In this process the refrigerant is changed from a
liquid to a gas,/ The gas is carried to a compressor,
where the pressure is raised to 150 to.160 pounds
per square inch. The boiling temperature is, there-
-fore, incrggsed to 115 to 120 degrees F. This
temperaﬂtu ¢ is above the normal air temperature.
The high-pressure, high-temperature gas is pumped
to a condenser next to the automobile radiator. At
normal summer temperatures of 85 to 100 degrees
F., air passes over the radiator, removing heat from
the condenser and gas. As heat is removed, the
refrigerant changes back \ipto a liquid. If the

Liquid/gas

<

T TR

outside temperature, is higher than noted, the
condensing pressure will increase to maintain a
temperature of 20 to 30 degrees F. above the
outside temperature.

When the gas is condensed into a liquid, the
liquid flows back to the evaporator inside the
automobile. Through the use of a valve or restric-
tor, the pressure is reduced to around 45 pounds
per square inch. The refrigerant can again evapo-
remove more heat from the interior of the
automobile. The am—condltlonmg cycle is contin-
uols; the refrigerant’ is changing state in both the
evdporator and condenser at all times during
operation. Since the refrigerant is just ““a carrier of
heat energy,” it is never expended. It need be
replaced only if the system develops a leak.

The heat pump, sometimes used for home

heating, is a reversal of the air-conditioning cycle.-
The evaporator is outside and takes heat from the
outside air and discharges it through a condenser

2

Expansion valve

~——-Gas '

B
| )le .————Compressor
. t
' \e ~—Gas. |\ - . -
Liquid/gas ;
.\
o , \Recei\"er/
ct L _‘ . . I!IllllIIIIIIIIIIIIIIIIIIIIIIIIIIIllIII||llIIIlllllIIIIIIIIIIIIIIIIIIIIIII drier
:‘ w/ - : T T T TATETTIATEAICANON. I I
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; . The state of the refrigerant at certain points in the air- condmoner o
' D L R RO

o)
(St

e

umt is indicated in the dgam



-
w

pound of water’

into. the home. In 'the summer the system can be

reversed through the use of valves to cool the
home.

Scientific Principle lnvolved
Heat Transfer

During the change of state of a liquid, heat
energy is either absorbed or ex;&ied at a constant
temperature. This form of heat transfer is called
“latent heat of vaporization.”” The amount of heat
being removed or added depends upon the sub-
stance. Water has & h;gher latent heat of vaporiza-

‘k

b

‘N’a—

tion than: any- "other, pommon substam;e{ it takes .J

970.4 ‘British therma‘l umts of" hea} to, cﬁéiféc#oma
A ane. “pound. bf steam Water
would make an exdeﬂent refrigerdnt éxcept that in

. order to get water to boil at air-conditioning

temperatures of 40 to 60 degrees F., the water

. must be nder a vaguum ¢ of more than 20 inches of
‘mercury” This 'pressure is inefficient since a very
“large compressor would be required .to operate the

system. A _
Application of Principle ~
1. An automobile air conditioner can be used for
student demonstration and activities. Also,ya

W

’
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’&eaching system can be developed by obtain-
ing a refrigeration or air-conditioning system
and providing it for student use.

2. Gauges can be put on both the high and low
sides of the unit to determine the operating
pressures and temperatures at which the
change of state is taking place in the evapo-
‘rator and condenser

"' 3. Possible leaks can be checked through the use
of a leak detector or a solut|0n of soap and
: water ordill joints.

A compressor can be disassembled and assem-
“bled and the operation of the compressor
studied.
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SECTION: VII-
PNEUMATlC POWER

Unit 38 — AIR-POWERED TOOLS

* Air-powered (pneumatically oéera;ed) tools are

particularly useful because thgy are. relatlvely light

and small, run cool, and have variable speed -and
torque. A few of the operations that” can be
performed by air-powered tools are drilling, sand-
. ing, grinding, chipping, tightening, hammering.

that depend an co’m.pressed air for their operation
are spray guns‘%utomatlc ‘feeds on'printing presses,

'lubncatlon equipment, lifts, and- jacKs. In order
" that this ﬂeXIble'g'ourc'e of power can be ed, an

_adequate supply of compressed air. is needed. and..

- hose connections should bé convemently located in
the facility.

Air motors in air-powered tools requnre a pres-
sure of approximately 90 pounds per square inch
for efficient. operation. A satisfactory source for
obtaining this air pressure is the compressor in the

automotive or woodworkmg facility; the com-

pressor usually provides a pressure of .150 pounds
pef square inch. An air-powered-tool is comprised
of an air motor, housing, valve with lever, gears,
‘spindle, and attachment to do the work. Motion in
air-powered tools is produced in several ways. One
methqd makes use of high-velocity air directed at a
paddle or turbine wheel. The forced .air causes the
wheel to rotate like a waterwheel. Another method

o ®36

- '.\'
T )

" Other devices commonly found ,in' industrial arts -

makes use of the relationship between pressure and
volume. This second method is used to operate
piston and rotary-vane motors, the two most
common types of motors used in air-powered
too]s. ’I—;hgsemols use recifFocating parts to accom-
plish ~ wotk. “Examples of these tools are the
sheet-metal nibbler and the impact wrench used to
tighten or loosen lug nuts-on automobile wheels.

Scientifi¢ Principle anolved:
Méchanical Properties of Gases
Two types of motors used-to powsr air fools are
the rotary type and the percussion er. remp&ocatmg
type. In the first type .a rotor, with-yanes is,

“surrounded by a housing, usually ma@é: of cast

aluminum. Air’enters the housing, push&s on the
vanes, and rotates a central shaftf The drill chuck
or grinding wheel is fastened to the epd. of the
central shaft, In the second .type compressed «air
enters a cylmder and moves .a plston that is

" connected - to or strikes another part-such a§ a-
~* chisel or riveting hammer. The pressure of com-

pressed air and gases is frequéptly measured in
atmospheres. One atmosphere of\pressure is equal
to 14.7 pounds per square inch (ytandard atmos-

pheric pressure). When air is under a pressure of

[several atmospheres, it can exert’a great ‘expansive

95 - e
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~— : @\Throttle
Housing - : lever
- ~ -
[~
o 7 @ O . ’ } .
v
L : ) Inlet
.\ . r—_—-1 ‘ b“l - g
IR ‘ Valve stem’g | — Air Y
SR § & ; | "o regulator
I . 5 - )
R . ) }
Lt L“J Q/Valye plug
W T T
Lower-end
- plate

* Rotor blade

Valve sleeve  Valve stem

Trigger .

[ )

\\ ‘Photographs and exploded views illustrate units and componeﬁtsof air-powered tools (screwdrivers, nutsetters, .
and drills)> (1) lever handle and (2) pistol handle (Stanley Air Tools). -
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'-forc'e,»and this force can be transmi or a great
distance Wrong-walled'.tube -

L . .
Cup Jeather Plston

Ball-check

.valve ; /]
\

Hose

. Spring

] \
: . /
- M pump is the srmp‘iest positive-

displacement COmpressor. The piston’ secured to a
handle.by a long rod, has a cup-shaped leather face

. opening downward, when the pump is in use. The

downward motion of the piston causes sufficient -
initial pressure to open up th&gup and produce a

- tight seal between the leather and the cylinder

wall. Air is forced. through the' ball-check valve into

‘the tire.

_The upstroke of the piston creates a partial

“vacuum inside the cylinder, permitting atmospherie
air to flow past the cup leather and filling the -

cylinder with air so that the cycle may be repeated.
The flexible cup leather actually serves the func-
tion of a check valve because it opens to admit air

. into-the cylinder (on the upstroke) but prevents

»

Compresséd air is passed through a tube leading
to the nozzle of a spray gun The rapidly moving
air in_ thig tube passes over the open end of aribther
tube which leads from a vented contaiffer holding a
liquid. The pressure on the open end of the second .
tube is lowered by the rapid air flow in the first

" tube. The air pressure on the surface of the liquid

in the vented :container forces the. liquid to flow

into the' air stream, where it is atomrzed before '

reaching the spray nozzle:
A hand-held fly sprayer (with he hand pump to,,
nply the air stream) can be use demonstrate -
principle®af operation. The tube supplying the
wuid from the vented container is easily seen just

- in front of the opening from the aiz pump.

[}

~

4
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" " Unit 39 — SPRAY GUN
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Remprocatmg air or gas compressors operate on,

the same principle as the bicycle pump but with
design changes made’in the interest of ruggedness
efficiency, and durability.

Application of Principle ; )

l. Instruction relating to _pneumatics can be
extended and remforced through the use of

- air-pqwered tools in power mechanics and -

. automotive mechanics activities.
2.-An understanding of how the scientific princi-.
ples relatiffg to pneumatics’are applied can be
gained through the disassembly and assembly
f air motors or air-powered tools. Emphasis
shguld be placed on understanding the func-
tion) of the entjre unit and the operation of

each part in relation to the compléte assem-
bly. ‘ -
Selected References
Note: Th s sectior refer to

ers in parenth ses in {h,
entries in he lis\ of selected r erer;ee’ that appear wzthm
* this publication rmmedrately aftéy the text.

A

‘(3). pp. 147; (13), pp. 277-18; (25), pp. 2049;

(31), pp. 1-16; (41), p. 1941; (42), p. 972;(49),
Volume 1, p. 143;(54), pp. 211, 233-34; (63) PP,
16-46; (‘69) Chapter 18, p. 1; (L) Chapter 50,
p.19, Chapter 51, pp. 6-§. -

Note: Additional information on- arr-powered tools .-

‘be obtained from (1) Stanley Air Todls, 4525
Figstone Boulevard South Gate, C\hforma, or
nley. Alr ‘Tools 30520 Lakeland Boulevard,
, Ohio 44095. R

-

¥4

An orderly pYocedure for the use of a sprayEu'n .

is given as followk:
1. Inspect all the parts to be sure that they are

clean.

. Reassembl® the spray gun. .

. Fill 'the paint cup with properly thinned
"and strained paint.

. Gonnect the spray gun to the regulator

. Set the regulator to the recommended
pressure.

Wt

=

6 Test the spray-gun paint pattern on serap—-

materiak—"
7. Adjust the paint-control valve and air pres-
. sure as needed.

8. Hold the nozzle 6 to 12 jnches from work.

< - ~
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9. .Spray the pamt w1th even overlapping
strokes : _/

10. Empty the spray gun of unused paint and
thoraughly/ clean the gun and parts m paint
thinner. //

Screnﬁfic Principle Involved:
” /Bernoulll s Principle

" When a flu1d (gas or liquid) is undergoing a ’

‘Achange in velocity, the pressure (measured at right
angles to the direction of flow) is lowestgt the

.; point of highest velocity. A venturi (constriction)

is burlt into the air tube leading to the nozzle of a
' spray gun just before the top: of the tube from the
spay ot. The air must speed up to flow through
_the venturi, causing a very low pressure as i}
, reach\s the top of the "paint.tube. The air pressure

in the'vented paint pot forces paint to flow up the
. paipt tube into the air stream, where it is atomized.

Another application of Bemoulli’s principleoiﬁ

found. in the carburétor of the internal-combusti

.engine. The air passage through a carburetor is
partially constricted at the point where gasoline is
mixed . with air. This constriction increases the

speed of air, lowers ifs pressure, and perm1ts more ¥

.rapid évaporation of the gasoline.

¢

Application of Principle

. /
Thie *ffent will gain valuable experiences and *
skill in the actualasse of a spray gun. , ‘

LY

. Selected, References
Nbté: The Ihumbers in parentheses in this section refer to

entxies m e list of selected references that appear wrthm

89 .

When the trigger of the spray gun is pulled, oﬁm-
pre: ir travels from the compressor, through the
hose and spray gun, and out the nozzle. The air
passing through the gun is at i hest velocity at
the point where it meets the liquid from the tube of
the container. The air pressure at the point where the
air and liquid meet is lower than the air pressure in
the coritainer. This difference il pressure causes the
‘liquid to rise in the tube and to enter into the air
stream. The liquid is atomized and then expelled
_from the nozzle (DeVﬂblss Co.). «

,h)

(9), p. 100; (13vap 516-17; (26), p. 151 (27,

pp. 223-25; (49), V lume 1, pp. 155-56, Volime *

_ this publifation immediately after the text.

10, p. 580; (75) Cha ter 50 pp: Z1-28.
o

L ' ',.

S ‘ " Unit 40 VACUUMsPUMPS

>

Pneumatlc power can be produced through the
use of compressed air (as explained in Unit 38,
“Air-Powered Tools™) or*a vacuum pump and
atmospheric pressurg~A vacuum is a positive form
of power. The soufce. of this"power is the weight of
air, which is 14.7 pounds per square inch (pSl) To
use this power, a vacuum pump must remove the
air from one end of a piston so that the air pressure
can’ act on the other end to force it to do- work.
Vacuum pumps are used in the operation of
windshield wipers, power brakes, power clutches,
and door locks in the automobile.

Atmospheric pressure is used in the o erat10 ot;
many | automotive windshield wipers.

«

T _bl_ades aré moved by an air-powered' motor which

uses~the pressure differential between-the atmos-
pheric pressure and the engine’s intake-manifold
vacuum for operation. The vacuum i
whenever the g¢ngine is rapidly accelerated o
under a heavy loag. When these conditions oc
the pressure differential disappears, and the alx-
powered motor no longer has'a pressure differen
tial for Operatlon So tffat a contmu ts"differential

the wmdshreld-wrper tor and the mtake _mani- |
fold. The vacuum pum
vacuum (11 inches of mercury;ig., 5% p@unds’

below atmospheric pressure) to @erate the wrper

98 Wl

amtams a sufficient
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motor: Since this vacuum- is less than the normal -

intake-manifold vacuum, the wiper blades operate

somewhat more slowly during acceleration and -

under other conditions réquiring maximum engine

power. The vacuum pump is an integral part of the

fuel pump and operates in an identical manner.
(See Unit 35! “Fuel Pumps.”) The air flows from
the windshield-wiper motor through the vacuum
pump into the engine intake manifold. When the.
engine vacuum is greater.than the vacuum devel-
oped by the vacuum pump, both the:inlet and
outlet valves remain open, and the air flows freely

b

Vacuum. outlvgt pipe —»
’ 3 ' I
Diaphragm

- ."Vacuum diaphragm I
. spring .

. . . Vacuum link -
Fuel link—

.
- -

Fuel diaphragm spring.—

Fuel diaphragm

* Fuel ihlet v}ﬁ'e
' . ‘assembly

_ " Inlet screen
7 . Ajco
- Métors’Corp.). . ‘ u

v

2
,

- , , i
. "". B / } . o
from the wiper motor to the manifold. When the.

- manifold” vacuum drops, “as*it does during opeén

throttle and full power operation, the pump acts as

Pnetimatic systems may. b¢ 4 to tiply a
force developed by a man 8 m/ayne.' An
excellent example “of a pneumatic power booster is
the automobile power-brake system. As vehicle -
weight, power, and speed are increased, the effort

needed to stop the a'utgmobile‘ is also increased.
The variable factor used to determine the rate of

1

Vacuum inlet pipe

Rocker arm
return spring

Outlet valve”

Pulsator diaphraggg

mbination fuel and vacuum pump shares a common housiny and rocker arm (General

~ s
I4 - @

99
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deceletation is the pressure applied on the brake Atmospheric . o —

pedal. So that quicker braking can be done with pressure . ' :

less movement of the pedal, a pneumatic booster Vacuurh in-let/u A)

has been added to the system: This booster ’ ) IR ol e (2) ru_ i

multlphes the braking fofce applied* tqQ the brake N |22 .

N =(1 H

pedal As a‘result, a small force applied to the -
brake pedal prov1des a high pressure on the ' R Push rod\

hydraulic fluid m the. master cylmder that rapldly R X, Master cylmder Brake N

brings the car to. a stop The power-brake system - - =\ line .

uses the pressure differential developed. by the - Plston Vacuum S

intake manifold. The booster consists of a cham- ‘ . Booster '

ber, valves, and a piston or diaphragm. Atmos- | Brake pedal cylmder : ’

pheric pressure is admitted on one side of the The schematic of a power brake 'shows how the

diaphragm, by the movement of the brake pedal . control valve (1) can apply either engine vacuum or

The intake manifold vacuum on the other “side atmospheric pressure to sectlonJ(Z)‘ of the booster

produces a pressure differential on the diaphragm .cylinder. =

so that the diaphragm moves toward the vacuum.
. Since the' diaphragm is connected dlrectly to. the
master "cylinder, this motion operates “the brakes
and stops the vehicle. Valves are used to control
the braking pressure and to balance the pressure on
both sides of the dlaphragm when the brakes are

3 Pump operatlon can be measured by attachmg
-7 avacuum gauge to the inlet side of the pump. -
-« As the pump is Operated by hand, the .
pressure will drop (the vacuum will increase)

released to a pressure which coun}erbalances a mer-

. : - -cury.column approximately 11 inches high. .

! Scientific Principle I,nvolveqﬂ“’ . 4. The force resulting from the .operation of a

.- Atmospheric Pressure power-brake unit can be determined for a i

number of different - press. g dlfferentlals

~ This determination will requirc dlsassembly )
(or the use of a cutaway:). Calculctions may
also include the mechanical advaiiiage of the
raster and wheel cylinders in order to detef-
mme the available.stopping force.

. _The vacuum pump- uses the principle that gas
flows from high-to low pressure in an attempt to
balance the pressure. Atmospheric pressure will .
pass into the windshjeld-wiper air motor’ in its
effort to\balance the vacyum. The air will then-
travel to the chamber.of.the vacuum pump since

- the action\of the diaphragm has reduced the . 5. A power-brake booster assembly can be dis-
pressure below ‘atmospheric pressure.- When the aﬁembled and assembled to determine the
diaphragm moves up on the exhaust stroke, the * function and operation of tach part as it’ -

~ pressuré-is increased #thus, a flow of air is produced ., contributes to the operation .of the power-
from the chdmber ' N ) @ brake booster-assembly.

Application of Principle’ " Selegged Referentes
1. A vacuum pump. can -be d'isassembled and .Note: The numbers in parenthéses in thisSection refer lo //

_entries’in the list of selected references that appear within

assembled to determine the principle of oper- this pyblication iglmcd‘.a’e,y afm the fext,

ation, the flow of air_through the pump, and
the function of each part®of the pump. (4), pp. 62, 150;(9), p. 98 (13), p.223;(2
2. Pump operation can be’ demonstrated by 131, 582-86;(26), p. 157; (77) pp. 214-17; 6)
attack ¢ +n inflated balloon. on the intake pp. 56-57;(37), p. 24; (34), p. 207;(69), Chapter
1 side & Jeflated baloori on the outlet side.. o 6, p.10, Chapter. 18, pp? 17-24;(75), Chapter 26,
. When the punap is operated, the air will move pp. 1-3, Chapter 41, pp. 15-19, Chapter 51 pp. ’
¢”  from one balloon to the other. ' (6-9; (78), pp. 519-24.

a
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" Note: The entries in this section are nu{bered foréthe purpose of reference. The numt)ers listed here correspond
« to the numbers in parentheses located wrthm the text of this publication in sections entitled “SeIected

References.”’

1. Above and Beyond The I:ncyclopedza ofszatrOa(
and Space Sciences. Chrcago New Horizons Pub-
lishers, 1968,

2. AC Spark Plug Service Manual. Flint, Mich.:

" General Motors Corp., 1966.

3. Air Touls £{Catalog No. 166). Willowick, Ohio:
Stanley Air Tools, 30520 Lakeland Blvd., 1966.

4. Allen, Willard A. Know Your Car (Second edi-

tion). Chicago: American Technical Society, 1967. - |

5. Alternator Training Handbook (Course
10,000.2 — 10,001.2). Dearborn Mich.: Ford
* Motor Co., n.d.

6. Altland, George Praerrcal Hydraulics. Troy,Mlch T

"Vickers, Inc., P. 0. Box 302, n. d.

7. Atteberry, Pat H. Power Mechanics. Homewood,
I11.: Goodheart-Willcox Co., 1961. .

8. Baker, Philip S., and Others. Chemistry and You.
Chicago: Lyons and Carnahan, 1966.

9. Barnard; J. Darrell, Celia Stendler, Ben Spock, and

Lon Edward Science: A Key to the Future. New
York: Macmillan Co., 1963.
10. Basic Automotive EIectrrcrty. Dearborn, Mrch._.
Ford Motor Co., 1959.
1. Benrey, Ronald M. “Build a Slot Car Dynamom-
-* 4 eter,” Popular Science, 189 (December, 1966),
8-100. : R
12. Blamchard, Harold F., and Ralph Ritchen. Auto
Engines and Electrical Systems (Third edition).
New York: Motor Book Department, 25Q W. 55th
> ; 1963, o,
13. Brandwem Paul F., and Others. You and Science.
New York: Harcourt Brace & World, Inc.; 1960.
14. Branley, Franlyn M., Milton O. Pella, and John
Urban. In two volumes. New York: Ginn &

Company, 1965. (Vol. 1: World ofere, Vol i

The Physical World.)

IS. Briggs & Stratton Repair Instructions 1I- Milwau-

kee, Wis.: Briggs & Stratton Corp.,n. d.- .
16. Brmckerhof Richard, and Others. The Physical
World (Secgnd edition)! New York:~ Harcourt,
- Brace & Wqrld, Inc., 1963.
17. Buban, Peter, and Marshall L. Schmrtt Under-
standing Electricity and Eléctronics. Wew Yor;k
McGraw-Hill' Book Company, 1962.

\
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18. Construction Safety Orders. (Article 27:°
“Powder-Actuated Tools.”) Sacramento:’ Division
of Industrial Safety, California State Department
of Industrial Relations, 1965.

19. Crouse, William H. Automotive Electrical Equip-
ment (Sixth edition). Manchester, Mo.: Webster
Division, McGraw-Hill Book Company, 1966.
Crouse, William Automotive Engines. New
York: McGraw-Hill BooRCompany, 1959.

21. Crouse, William H. Automotrve Fuel, Lubricating,
and Cooling Systems. . New York: McGraw Hill
Book Company,1955. :

22. Crouse, William H. Automotive Mechanics (Frfth
edrtlon) Manchester, Mo.: . Webster Division,
McGraw-Hill Book Company, 1965. -

23. Curtis, Francis D., and George Greisen Mallinson.
Science in Daily ere Boston Ginn & Company,
1953,

24. Davis, Ira C., J. Bumett,and E. W. Gross Science,
Discovery, and Progress. New York Holt, Rine-
hart & Winston, In¢., 1961,  ~

25. Davis, Ira C., and Others. Science 3, Discovery and
Progress. New York: Holt Rinehart & Winston,
Inc., 1965.
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nology. Bloomington, Ill.: McKnight & McKnight
Pub. Co., 1964. .

27. uﬂ'Charles E.,and Others. Modern Physics. New
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*Albany, N. X_: Delmar Publishers, Inc., 1967.
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" edition). Milwaukee, Wis.: Service Division, Evin-
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© _tute, 1966.
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33. Gerrish, Howard H. Electricity and Electronics.
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Co., Inc., 1967 v - :

37. Hogg, John C., JudsorB. Cross, and Kenneth E.
Vordenberg. Physuul Science: A Basic Course.
Princeton, N. J.2 D. Van Nostrand Co., Inc., 1959

38. Honda 250, 300 Maintenance Manual Tokyo,
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Motor Co., Inc., Gardena, Cahfomna..) 1960.

39. How the Wheels Revolve. Detront Mich.: General
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o o #-' L APPENDIXA g . _ 7 e
N POWER MECHANICS COURSE OUTI.INE S
ln the followmg reldtlvely brief course outline for B: Lubncatlon (Umt 7) ’ .

industrial arts power mechanics Ahe topics, wheré appropri- , (Refer to Appendix B, Sectlon 6 [ XVl D) )

- ate, are keyed to the instructional units presented'in this - 1. Viscosity of oils 4 -~
pubhcatlon—for example, under -“II. A. Muscle Power ' 2, Lubricatirlg oil functions LT T
(Unit 1)”; and to the comprehenswe course outline for .. 3. Dry, greasy, and viscous friction = -~
industrial arts autorhiotive mechamcy in Appendix B — for . C. Springs (Unit8) » . - \
example, undér “I, A. Shop/Laboratory Sifety (Refer-to- (Refer to Appendlx B, Sectlon 16, V) g\

Appendix B. Section 1,.1.)” This powér mechanics cour ' 1. Classification of springs

outline, when used foy a specific coursg/program, can He 2.:Elasticity: Hooke’s law

expanded by including (1) additional points tovered in't D. Clutches(Unit 9) " ‘

‘designateds units; (2)%topics presented in the automotive = (Refer to Appendix B, SeCtIOH 11, lX) K

1. Six classifications’ of‘clutches

mechanics outline; and/or (3) information from the publi- : L. 8
cations listed under “Selected References” at the end df . . v 2. Sliding friction . . . SRR
_ bach unit. E. \Dyﬁamometers (Unit-10) -~ : J
. " . . 1. Methods of providing load" o
) 2. Horsepower o, -

1. Shop/L‘aboratory Orientation
A! Shop/Laboratory Safety
(Refer to Appendix B, Section 1,1.)
1. eneral causes of acgi'dents"
2. Personal causes of accidents "

N : } B Tae -\ . t‘

IV. Steam Engines
A! Steam Engines and- Turbmes (Umt ll)
B. Conversxop of Heat Into Work .. -

‘3. Safety instruction o ~ -/ ‘ .
B. Tools and Equipment E . V. Thermal Power ' . . s
(Refer to Appendix-B, Section’l, ll ) ' . A. High-Energy Rate Formmg (Unit 123 S
1. Appreciation of tools ‘ 9 i © 1. Folr methods of fofming s .
- 2. Careof tos - \ 2. Work, pawer, energy, force . - , . .
' 3. Classification‘of tools ) ~ B. Powder-Actuated Togpls (Unit 13) ! -
s ) Y B , k. Precautions to be pbserved .
"H. Natural Power e o . ' 2> Expansion of gases, ' .
A. Muscle Power (Unit 1) . o~ - . C Jet and Rocket Engmes (Unit 14) . .. 0k
KE Introduction to simple machines - ) - " 1. Types of jet engines # o
"2. Work, power, energy, force | N3 Newton’s laws of interactigns ‘ /
B. Waterwheels (Unit 2) v ' T, "D Gasgline Testing (Unit 15) ‘ =~
1. Types: undershot, overshot, breast | (Rezar to Appendﬁc B, Sectlon 8, 1X. ) g ..
" 2. Water pressure e T 1.xPower gests ’ .
C. Windmills (Unit 3 ) ' * *° 7 2. Conversion of chemlcal energy to"heat energy to
1. Types: multivane, propeller, “S” rotor . - " -mechanical energy
2. ‘Hdrsepower output of windmill N _ E. Carburétion (Unit 16)
D.. Heat Collectors{Unit 4) . : (Refer to Appendix B, Section 8, VIL.) -
; . 1. Conversion of solar en&gy to electncnty R 1. Carburetor fl:‘r?%'\s ' o
2. Nature of heat . o 2. Bernoulli’s pririciple

B - Solar Stills (Unit 5) = ’J {) &~ " ~F. Two-ahd Four-Cycle Engines (Umt(\l7)'
" - N B, sections 3,4, 5.)

HI. Mechanical Pdiver - .7 .7 <" 1. Fourstroke cyc
A. Simple ar{d Compound Machines (Unit 6) . » 2. Two-stroke cycle] = |
' 1. ;Mechahical advantage < 3, Expansnon of gas¢s L .
/.‘vver, wheel and axle inclined plage, wedge, G. Wankel Engmes( t18) 7o :
pulley, screw . - 1. Rotor-type gine ,
,_....\(;; Compoune_l’machgnes . ‘( ( ? 2 Moment o‘mertla
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H Thermostats (Unit 19) T . Tt . G. lgmtron Systems (Umt 27) ) !
*(Refer to Appendix B, Section 7, VIIl ) . . (Refer to Appendix B, Section 9, IX.) - v -
* 1. Types pnd purposes ) ~ : Con%entional and transistorized systems
- 2. Thermabexpansion ‘ ' 2 Electromagngtrrd:nergy :
I Weldmg Processes (Unit 20) AP H. Electric Motors (Unit 28) . SR
. Gus, ar¢, and resistance weldrng A (Refer to Appegdrx B,Section9%:V.) -,
2 anetrcmoleoular thcory ‘. 1. Moﬁns series and shunt wound : N
» N ‘€ - ¢ 2..Electromagnetic induction . -, . .
VI EICCNIC{II POWCF \'\ . ‘ ; L Fuel Cells (Unit 29) . .. -
Drx Cells: Primary Cells-(Unit'21) i 1. Use in spacecraff == T
‘1. Zjpocarbomand mercuryells, ' 2 "Electrochemical effect . -
. "+ 2. Conversion of chemical. _energy into electncal PR Photoelectnc Cells (Unit 30) ' - ’
. energy : S "1. Types and uses S
B Storage Batteries: S ells (Unit 22) ' Y 2 Photoelectric effect ) .
* (Refer to Appendix B, Section 9,1V.), -+ + K. Semicondugjor Power 'Recy]ers (Unit 31) o
1. Conversion of chemlcal energy into. electrical - .» 13.Types of rectifiers ' . N
energy . . o 2. Pr and N-type semiconduetors
o 2. Electrolysis T _— VIL. Hydraulic. Power
i' ;lydr?meter .teSt N ' A. Jacks and Presses (Umt 32)
| o opecric gravity - o ! Hydraulrc pump components
5. Battery installation and] servicing 2 Pascal’s principle
: 6. Corrosion and oxidatio of metals T B. Machrne Tools (Umt 33) -
. ;ggtt:z;ﬁt:&g of batte Vo .- 1.-Efficiency of hydrauhc systems, .
"9 Bafte char ﬁ i ' . _ . 2 Pressure jransmission by liquids -*
~10. Chemrz:al chztgrllg% in lead-amd stora} cell PR Braking Systems (Unit 34) ‘
. . (Refer to Appendix B, Section 20, I-VIL.)
. C Generdtlon of Electncrty‘(llmt 23) - Devices for retarding or stopping motion
J ) . Magnetos . . ' 2 Pascal’s principle .
2 Magnetism! - R, .o - D. Fuel Pumps (Unit35) . ~ °*
3. Direct-current génerators and"altérnators (Refer to Appendix B, Section 8, VI. ) .
4. Electromagnetic induction © » . . Positive displacement pump . S P
\Mterna(fng-current rectifiers p 2 Atmosbhen' essure . '
6 Rectification of current o " . E. Power Steering (Unit 36) g
7. Gengrator regulatj . - - (Refer,to Appendix B, Section 17, vn) :
E\lectromagnetlcs ’ . Advantage of power steering .. s
. D: Transmission of Hlectri Power (Unit 24) I U 2 Pressure transmission by liquids =,
p (Refer to Appendix B gectron 9, 1Ly ) . . ~F. Air Corditioners (Unit 37)
. “ - 1. Electromotive force . i " 1. Types of air conditioners
2. Conductors and msulators . _ ' 2. Heat transfer \ .
3. Electron theory . § VIII. Pneumatic Power ~
4. Voltage, current, and resrstapce A. Air-Powered Tools (Unit 38) -
~» 5. Ohm’s law A * y 1. Piston and rotary-vane'motors A
6.. Series and parallel circuits -\ 2. Mechanical properties of gases .
2 7, Direct-current circuits - B. Spray Guns (¥git 39) : ..
. E. Transformers (Unit 25) . . - . Operation and procedure for use’ o
.I'. Typés: step-up, step-down - . 2 Bernoulli’s prificiple '
2. Electromagnetic inducti@se . < . G Vacuum Pumps (Unit 40)
F.- Spark Plugs (Unit 26) b . Windshield wipers , -
(Refer to Appendix B, Section 9, IX.D.) h , 2 Power-brakes i
1. Heat-range classificati6n . (Refer to Appem{rx B, Sectron 20,1V))
2. lonization of gases- ) ; Balancmg effect of atmosphenc pressmsi
ﬁ“[’ / Y : ! . ‘J_ 1 0 2" e °‘ . . . -




APPENDIX B : ' /
I AUTOMOTIVE MECHANICS COURSE OUTLINE

Sectlon 1: Shop/Laboratory Practlce

1. Automotlve Shop/laboratory Safety _' ‘ &
A. General Causes of Accidents -
1. Impgoper attitude

~

a. Disregard for rules of safety \/
b. Recklessness ’
c. Laziness . !
, d. Uncooperativeness -
: e. Fearfulness
S f. Impatience ~ . '
* .. .g. Lack of consideration
. ’", h/immatunty e
2. Lack of knowledge or skill,
a. Lack of understanding what is to be done
- b. Lack of conviction of need -fof following
prescribed procedures
B Personal Causes of Accidents
1. Operating equiprent without pemusslox},
2. Neglecting to secure assistance when needed
3. Failing to warn other pégple about unsafe prac- .’
“ - tices or equipment
. Operating equipment at unsafe speeds
~Wprking too fast
> Neglecting to use safety devices : ’
7. ‘Us;‘i;ands mstead of equ1pment for holdmg
mat \ :
8. ASsuming an unsafe position or posture
- © 9. Working unsafe equipment
- 10. Distracting, teasing, abusing, and startling others
. 11. Failing to use proper clothing and protective gear
* C. (Refer to Industrial Arts Safety Instruction, published ;
. by the Califernia State Department of Education, as
’ well as safety instructionsg issued by the offices of
county supermtendents of . schopls and by school
- districts.) . . ~
ST ¥ Automotive Tools and Power Equnpment o
A Appreciatlon of Tools .

. Development
. 2 Value to societ
B: Care of Tools -

2 *Maintenafice.
a. Sharpening :
b. Lubricating,
G Repamng

"

2.

3.

.a. Cape .
-*b. Cold AP
c. Diamond-point

jre e o e oo a0l

C. Class:ﬁcatlon of Automotlve Tools
1. -

Chisels
/.

d.: Half‘round
e. Raoundnose
Drilling tools
a. Hand drill

"b. Electric drill

c. “Twist drill -

d. Reamers

Files . '
Mill .
Taper @
Square,
Round
Half-round
Breaker-point
. Vixen-cut (body)

ammering tools
Ball peen hammer
. Rawhide-faced mallet
. Plastic-tipped mallet
. Brass mallet
. Rubber mallet

g Dinging hammer -

. Measuring tools

a. Feeler'gauges
b. Micrdmeters
& Steel rules

Pliers - ' .
“a. Slipjoint (combmatlon)

b. Diagonal (cutting)

c. Long:nose (needle-nose)
-Round-nose

type (channel-lock)

&gnp

g h, ;Brﬁ(e-spnng

o7

-

AN

8.

. b. Center

- Hose-clamp
Ptmfﬁes
a. Aligning .

c. Pin
d. Starting . <.
Hacksaw ~

_- Sledgehammer .
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9. Screwdfivers® . . . ) 1. Engine- .
.a. Standard-tipped S A. Purposé
b. Phillips = - . B. Types. .
c. Clutch L 1. Infernal combustion
d. Offset : 2. External. combustnon
e. Setscrew drjver (Allen wrem,h) W ’ . C. Sysfems ‘
10. Shearing tools 8 . " " 1. Fuel system A
a. Straight shears™ - oo - .. a. Purpose LA
b. Combination shears - h : b Components . ) . o
0 c. Duckbill shears - - -~ (1) Fuel tank and lines S
. d. Multileverage (aviation) shears . e (2) Fuelfilter o
-11. Soldering tools . ‘ (3) Aircleaner (wet and dry) )
~a.,Soldering copper c ‘ , (4) Fuel pump o 9‘
(1) Standard , ' (5) Carburetor
(2) Electric’ 4 (6) Fuel igjectors °
oy b. Fluxes ¢ - : '(7) Intake #anifold
12. Threading tools Co ‘ (8) Fuellevel mdlcator )
“a. Taps - . , ‘ ‘ 2. Ignition system .
(1) Taper =~ , a. Purpose B v
*(2) Plug T ' . b. Components a-
(3) Bottoming ) "+ . (1) Battery (6or 12 volts)
(4) Machine screw l . (2) Distributor ot
~b. Dies o — (3) Magneta. ’ -
J3. Wrenches and handles ) (4) Coil
—a. Open-end wrench ' s . (5)‘Spark plugs
XBox-end wrench - _— (6) Ignition switch%-
c. ‘Socket wrench . ' (7) Wiring
(1) Standard ' . 3. Lubricatien system o :
é( " . (2) Deep . a. Purpose - e
(3) Universal' . b. Components . K
. Torque wrench ’ - . (1) Oil pump
. Adjustable-end wrench - (2) Oil filter .
f. Monkey wrench ) (3) Oil galleries and passages
g. 'Pipe wrench 4 o ) C (4) Oil-pressure indicatorj
h ‘Handles . : " - ) €5) Crankcase o
; " (1) Speed (spinner) ‘sb . Lo (6) Crankcase ventilator ~
* (2) Ratchet o . . 4. Cooling system .
- (3) Flex (break-over) T . a. Purpose =
(4) Tee , - b. Types ¢
i. Extensions . : ¢)) L|qy|d-c§oled
14. Specialized tools Lo ' (2) Aircooled = - *
a. Pneumatic _ . c. ‘Components -
. . b. Hydraulic - : " (1) Radiator
c. .Electrical testing . (2) Fan blade
A d. Engine and accessories’ testing - (3) Water pump
e. Body and fender ; (4) Water jackets and passages >
, 15. Power equipment , . . (5) Thermostat
. 16. Welding equipment . ' (6) Telngerature indicator -
' , 5. Electrical system
a. Purpose
Section 2: Automobile Components - -b. Componenfs
' Co (1) Battery
‘ 1. Automobile Com@nents o : ’ » {(2) Regulator
A. Engine : < ) " (3) Generator/alternator
B. Framework . D e (4) Starting motor
C. Power Train \'Y , ~=L (5) Wiring
D. Body B} . . o~ (6) Switches )
, . E. Accessories  * ' R L (7) Allactivated cgm'{ponents

.. ‘ ) . s
. - . L
. . ) - ( .
- ) " . ’ ! I - . ' @
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1. anuwork o ) o b. Types
A. Purpose, . °- o, S (1) Standard: hm.nual shift
. B. Construcfion o o " (2) Automatic
1. Box type : o _ » ‘ * (3)- Overdrive g
2. X-type-" . \ : ,“ - 3. Propeller shaft/purpose
. 3. Unitized type ) B . 4, Differential.
- C Umts Attached to Framewd rk : . a. Purpose :
] . Engine . .. o & " . b. Gear ratio -
E 2 Suspenslon system( ont ynd redr) -/ % - 5. Rear axles - P )
Springs . . s N -« .« a. Purpose o :
~'_‘(1) Purpose S c b. Types : e
(2) "Types _ : . (1) Live: rear L 4 ,
r- {a) Coil . . «(2) Dead: front
(b) Laminagéd Iéaf .o * . :
(c) Single leaf - ) ‘ V Body . o
(d) Torsionbar . A. Purpose |\
(e) Air suspenslon . ; B. Design (stream
. /Shock absorbers i C. Construction . "
y t1) Purposy . - L ‘2 Pressed-stee] panels 1
(2) Type: direct-acting, telescoping Reinforcing members ~ « . f
c. Steering system: purpose _ 3. Attaching brackets -~
.- d. Brakes _ - 4. Attaching bolts (rubbef-mounted) *
\ (1) Purpose’ L + D. Components
\ . (2) Types « : . 1. Firewall assembly
(a) Mechanical - - ’ 2. Instrument-pane] assembly
(b) Hydraulic " 3. Floor assembly
¥ 7. (c) Pneumatic 4. Roof assembly
/'/ © {d) Electtic - T . 5. Doors- and 'center-pil!ar assembly
(3)(eC) Rigid ortindependent : Y g gz:;:g::r;‘;;e‘:]iﬁ;’bhes N
omponents .
: (a) Bsake pedal assembly R 8. Fr‘ont fenders,hood,and‘grib‘{ssembly
. ‘ (b) Master-cylinder assembly - ) 9. Windshield and glass assemblie
’ - (c) Brake lines L : 10. Seats .
(d) Wheel-cylindef assembligs I1. Body-ventilating system \
{e) Wheel-brake assemblies 12. Headlining assembly -
() Hand brake . ’ .13 Exterfor molding and trim .,
(4) Principle of operation ' T 'é\ Finishes
(5) Power brakes F Body Styles .
e. Tires A ¥ gports cc;)t;pe and sedan ~ © o
3P se N . ‘2. onvertible '
EZ;-T;?:::' _ - _ 3. Sedans ]
(a) “Tube- type . o f . 4. Station wagons \\
(b) Tubeless . i 5. Sports cars . g
(3) Classification o 6. Compacts .
, . : . Sports wagons (buses, others
(a) Size . . 7. Sport (buses, others)
.(b) Plies -« 8. Pick-up trucks, trucks (assorted sizes and uses)
(¢), Material .~ " a ) " VI Accessories : 0
fV Power Train ~ , = . 7 ) _ A., Definition \ - Z *
A. Purpose . .. A Py . 1. Comfort/cpnvenience’ .
. B.. Components ° o @ . 2 Safety an safety belts .o o
1. Clutch : ‘_ : = B Examples : - : ‘
“-a. Purpose . " : - . Radio - - .
b. Types commonly.used . _ 2 Heater, defroste/(alr conditi oner .
(1) Single dry disk T v, 3. Wmdshleld\nper . _ -
_ (2) Fluid couplmg o ’ 4. Clock - .
~ 2. Trénsmission o - T 5. Back-up lights
a. Purpose: - ’ . } . 6.-Spotlight (, .
' ‘ . D S A T . . N
' \)’/ . . . .
A - A
(3 1

- "
R L .
o . C
P . .
. oo . '
] ° : . S » L.
- - - . . i
. -~ . ( L. X ) «
e -
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s . 7. Courtesy light * ~ . ’ . . T G. gldeaﬁﬁcatror_l R - . { -
8. Automatlc llght-dlmmer . . . 1. Manufacturer’s name
. . ~ . .. a. Real {hanufacturg{. Ford, mner Moters,
* .+ Section 3; Types of’Engmes o others
. St . b. Applicatio, manufacturer International Har-
I. ‘pose OﬂEnglne CIZ;SSlﬁcatlon < \ - 2 Vester G1H1g’ Clld others\
° A To leferentlate .Between Engmes for Clear Commu- . -2. Designer’s name ’ /
. nication o . . 4. Ipdividual designer: Diesel, Wankel, others
B. To Categonze' Engines by Common General Features = . ' . /b, Muttiple designer: Pratt and Whitney, others:. .
Mo- Describé Engmes for lnformzmon and Possnble ' 3. Sﬂnes_ﬂymber (390, F100, 300G, others) -
. \Appllcatlon >, - “H. Additional Types and Innovations o “a
II Crlterla Fo; Engme QIassnﬁcaﬁon , . ‘ - ; g;!:]?tet “ . s .. |
) A. Types of Fuel ' ) ’ . 3. Gasturbine , e ' N
. Gasoline-(high and low compressron) * - 4. Free piston e ' .
3\ _Fuel oil (diesel, Hesselmany . 5. NSU-Wankel
, 3— quuqﬁed petroleum gas (LPG) 6. Rocket . ,
B. Cyclmg ’ 7. Fuel cell
. Four-stroke cycle N 8. Solar D .
B 2 Two-stroke cycle = 9, Electric - / .
- 10 [ '}

C. Cooling ne ) ‘ T . Steam 5
1. Liquid-cooled ’“\ - , . o . \/\/

2. Air-cooled ' Section 4: Engine Operation and Measurement
>e Ny

3. Combined . -

““D. Valve Arrangement . ’ I. Physical Principles Related to Engine Operation

; . L-head (flat head) A. Definition of Physical Principles
= 2 I-head (overhead valve) ' . B Structure of Matter . _
3. F-head (combmatlon L-and I- -head) Lo 1. Atoms i )
4. Thed ~ ® o a. Size . | _
E Cylm ders ’ L .b. Structure S kA
* 1. Num®r of cyhnders 8; ll;:rl'g(t:(t)lr;ns
: 2 Arrangement ofcylmders (3) Neut
a. Inline -~ ¥ ? 2 El ts dtrons ’
(1) Vertical 3. Mg;::l?les )
(2) Inverted ' : "a. Structure . .
. b 9) Stant or tilt + b. Chemical reaction ' % )
- vee . ~ C. States of Matter , v
v (1) Vertical : 1. 'Liquids — -
. (2) Inverted C L ' 2' Solids ' b o
‘ -~ (3) Variable angle . ' : 3. Gases -
3' ggg;?ed (pancake) D. Combustion N .
: 3 1. Definition . -
8) Multibbalr:k o 2. Products of combustion ]
: N a. Heat ) ,
5 U €. Rotary Wankel N b. ll;ight ) ‘ .
s, . c. By-products -
1. Passenger car : @ , E. -Heat o N
2. Truck or bus o . F. Change of State
3. Agricultural machinery 1. Definition
4. Construction equipment 2. Method of accomplishment
2. Ii.iircraft | - . ;. :pplica on o; he;;
. Motorcycles ' ) : - b. Applightion of co
7. Railroad engmes v | G.. Expansieffof Matter
8. Marine g 1. Liquids: thermometer
9. Stationary 2. Solids: thermostat
10. Specialized us uSe 3. Gases: combustion chamber -
¢ - 4

”
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v, | ..‘#\’ ] ... _..' . . . . . ’l . " . \

H. ‘“Pressure lnc‘?ease \ } ‘ (3) Power N )
. Cause " . . : (4) Exhangt N
2 Reésults _ : T = - 3. Twe-stroke cy .
a. Temperature mcrease ' . 4. Diesel engines « « 5
b: Compression ~ . C * G. nywheel ' g;}
I. Gravity N\~ ) . Description v N .
I. Définitian ) o ' 2 Purposé . - <] T

2. Measurement: werght

J. Atmospheric-Pressure . N ! . lll rces » . ‘ i e
1, Definition | -~ N ork ® ¢ > -
2. Weidl/of aira. .. ) #: 1. Definition . o
3. Pr xerted , . v A ‘ 2. Illustratiorrs -
K. Vacuum PR n 3 Measure€ in terms of distagee and force ’ :
1. Definition" v L ' mula: Work 5 f Xd ,
2 “Partial vacuum” ° , ’ . ) Energy Y ,
“‘1I. Engine Operation ” " ’ Deﬁmtjon . -
A. Cylinder Design - ' . . 2. Potentia] _ - ; - " !
"’ 1. Description - ." , ' 3. Kinetic .
. 2. Sealing : . c. - C. Power
a. Head / - 1. Definition
~b. Valves - 2. High-powered machine
B. Piston oL v o 3. Low-powered machine
1. .Deséription - , 4. Horsepower
" 2. Pistonfit . ’ - T a. Defipition . X distance
© 3. Material§ used , _ -7 b. Formula: Hp = [orce Zantance
. . . . 33,000 X time
4, Piston action S D. Inerna
\ g.. gc;;r:bustron - Y “Definition
: S - ) Y 2. Evidencé of inértia at"work
c. Pressure increase - .. .+ E Torque“ T
't C _l]’rstlc:n Rmegs SR _ 1. Definition,
2' Llcl)rcg(t)ison ' o . - 2 Methaod of measure (foot- poungs)
3' Types ° 3. Formula: Torque = force X distance (leverarm)»
; B . : F. Friction
D. Yal.‘i'.;spe oo E 1. Definition - .
2. Purpose . LT - . 2. Types . - .
3. Ports L e : ; Bry .ot T
a. Intake ' =~ - o _ Grsc’Gus . '
e b. Exhaust -, . ’ c. Lrreasy .-
{ t4. :’alé‘;;g;;:"!& echamsm.:' : & IV, Engrne Measurements
' ‘ . ‘A. B T
b. gaEfo(li]oyYer; or hfters . : Orlgeﬁmnon R »
C. Yusmro@s - - .. L. . 2. Method of determination ST ;
S. Xg‘:}:;?;:‘r‘ng . \ 2 i .. B Stroke .
. ) . 1. Definition . -
E. Cra}r)rkshaft . T - a 2. Method of determination
2 Durpo.se‘ o el C. Piston Displacement. :
3. thrrl;trlr?c;ion . _ ] = . 1. Definition - DL
. ’ 2 F | ment. =
F. Action in Cylinder ) » ~ - ormua: Drsplace ent= T4
1. Definition of “stroke™ ) 3. Multrcylmder total drsplacement X number of
<. BI( o TDC ~ ‘ cylindgrs
DC -» BDC . D. Compression Ratio
2 iourstroke cycle h ’ " 1. Definition ' :
T crankshaft revolutions " 2. Clearance volume
b. I our strokes N 3. Formula; Cylinder volume @ BDC ~ clearance
(1) Intake | volume
(2) Compression | 4. Problem related to higher compression ratios
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102 ) o - .
r v . X -
- i - ! ) . . ’ .
a. Power increase . @} 3. Lotation " -
b. Predetonation more aclite (knockmg) 4. Manifold heat-control valve - ' ®
'V, Engme l:g\g/er Output e D. l;ialéllf;o'l:t]i(l;rsp:,cﬂon . o
Brake ower (bh . eck Ior warpage .
1. ’ Defmlzlsgg' (ohe) ~ : 2y Check for cracks® - .
3. Check surface 4 ) ‘ -

2. Pronk brake test

B. Indicatetl Horsepower th) . 4. Check heat-contro ‘valvefor'freene'ss
~ 1. Definition . . - IL. Cylinder Head f S O y
2. Oscilloscope test’ : A ‘Methods of Manufacture o .
C. Friction Horsegbwer (thp) . - \‘f .+ . ¥ Materials u ' _ .
1., Definition 2. Design ) 3
-, ethod of_determmatnon B. Types %, - d ’ '
D. SAEHorsepower __ @ 1. Valve-in- R ) { ’
1. Definition ) S " 2. Flat head.. ’ o
. 2.%urpose . : ¢. Puipose ‘ Tl . o
E. Engine Torque A , 4. Combustion chamber - ] e,
’ 1. Definition” . 2. Water jackets = ° I

2. Method of determination
V1. Engine Efficiency

3. lmake and exhaust ports and passages -,
D. Rocker-Arm Cover . , »

A. Mechanical Efficiency . lII oil’ Pan
1. Relationship between bhp and jhp " A. Methods of Manufacture ‘
2. Formula: ME' < ihp (answer in percent) ) 1,’ 1. Materials used - .
" B: Thermal Efficiency % 2. Design
‘ 1. Relationship between power output and energy in /'B. Purpose . KA : ‘
fuel burned ; J 1. Baffles T a b
2. Heat losses _ 7 2. Oil troughs ~
- " a. Cooling by water and oil {35 percent) R 3. Nozzles « - : . o o
b. Lost in exhaust gases (35 percent) T 4. Drain plug 3
3. Limitations to thermal efficiency . s 5. Seals .
a. ‘Excessive heat C. Oil Pump . on
b. Breakdown in lubrication system , . 1. Purpose
C. Voluntetric Efficiency S 2. Types .
1. Relationship between amount of fuel-air mrxture a. Gear -
actually entering cylinder and amount that could b. Dual rotor e
er s s 3. Location
2. Factors affecting volumetric efﬁcnency , 4. QOil intake
a. Engine rpm - 5. Screen
b. Temperature of fuel-air mrxtu.re\ * IV. Valve Train
VIl Overall Efﬁcrency ' i . A. Camshaft
A.’ Rolling Resist , : 1. Methods of manufacture
B. Air Resistance - 2. Purpose
C. Acceleratioh (overcommg of inertiay 3. Types
) a. Stock
e b. Other grinds
Section 5: Engine Construction 4. Location
, ] 5. Components .
I. Manifolds ) a. Cam lobgs RS
A. Methods of Manufacture g ‘ b._Fuel pump eccentric
. 1. Materials used ' ‘ c.”DistributorMrive gear
.~ 2. Design , -~ d. Bearing jodrnals
‘B. Intake Manifold g ‘ ~e. Thrust plate .
1. Purpose . = , . . . 6. Camshaft timing gear or sprock
2. Types : . . 7. Timing chain
3. Location T _ B. Valve Lifters (Tappets)
C. Exhaust Manifolds - . 1. Purpose -
1. Purpose ) - " 2. Location

2. Types : ’ . > a. I-head

11 - 0T —




b. Lhead . _ . G. Valve Springs

c. Fhead‘ ‘ B 1. Purpose .
" 3. Types gt ’ u ypes c v ﬁ
a. Sohd g . a.- Single -
b Adjustable , o \ o - /= b’ Double
¢. Hydraulic- I SR 3. Retainers
.7 C. PushRod v R S a." Stationary
/ " 1. Purpose : <! 4 > b. Freetype
. 2. Location © . L CTE . c. Positive type
‘3. Types &\{, . 4. Retainer locks (keepegs)
A Tubu(y - Lo e o , a. Conical
ZB/ “b. Solid, - b. I;lin 'h .
i . . c." Horseshoe ’
e llloclz)l;er;gn and Shéﬁ. " ) o N\ . H. Relationship of Parts in L-Head Engine
~ 2. Rockerarm types . . I Relationship of Parts uu-Head Engme
o ' + : J. Relationship of Parts’inF-H d Eni
{ a. Cast = i ! IRV ‘.v l p ot Faris ln,t-Hea
b. Forged - \_,S/ ) ) fxs?& and Connectmg Rod Assembly
. Stamped stéel N s .o A Riston
’ 3‘&0““’8@ shaft e . - ‘¥ 1. Methods of manufacture
. a. Location s : ' L ¢ 2. Purpose .
b. Purpose . : » ©y* 3. Parts of piston
\E Valye Guides ; / a. Head »
. 1. Purpose A |, b. Ringgrooves -
2. Tocation \%\‘ : ’ ¢. Ring lands t
3. Types _ . "~ d. Pinboss and bushmg
a. Pressed in ) . e. Skirt
™ - b.Slpin " (1) Major thrust facé = .
c. lntegral . { (2) Minor thrust face ’
4. Lifter’ guxdes , : . 4, Expansion control -
"F. Valves . . _ "a. Steel rings;:
1. .Methods ofmanufacture ' " b, Struts FEress
27 Purpose N : : crSjots
a. Intake ¥ . d._£am ground pistons
b. ExHaust B¢ Piston Rings
. _ 3. Types (past and present) 1. Methods of manufacture
,- " a. Rotary . ’ 2MPurpose
" b. Sliding-sleeve a. Seal compression
. c. Poppet or mushroom , b. Control oil
4. Parts of poppet valve * 3. Types
" a. Head ‘ a. Compression
b. Margin * B (1) Plain
) c. Face ' (2) Tapered
d. Neck . . . (3) Grooved
‘ e. Stem ~ : ' b. Oil control
$ f. Spring-retainer lock groove S 4. Ring joints
g. Tip . a. Types
5. Valve cooléug ' (1) Butt
a. Purpos v g (2) Angle
- b. Method ; . 3)
(1) Water jackets . b. Ring gap
(2) Water-distributing tube , 5. Ring expanders
. ¢. Sodium valves - a. Purpose
6. Valve seat - - .. - b. Location =
a. Purpose 6. Coated rings
b. Types ' , - 7. Chrome-plated rings
-(1) Direct C. Piston Pin
(2) Inserts _ 1. Purpose
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Y ?Types
a. Center-lock
b. End-lock
, c. Slotted
. -+ +d. Press-fit e
\QB * ¢. Floating
Connecting Rod',
1. Purpose »
2. Method of manufacture
3f Parts * \
a. Rod
. b. Little end (bushmg) !
- ¢. Bigend '
~d. Rod cap
0Oil holes
Rod nuts
" (1) Safe wire
(2) Se]f-locking LT
(3) Cotter pin '
(4) Palnut’
g- Tonglie and groove
. 4. Rod stretch and reconditioning
5. Alignment of oil holes
V1. Bearings S
A. Methods of Manufacture
. B. "Purpose .
~ C. Types
1, Bushings
2. Sleeve
3. End thrust
< 4. Poured
5. Semi-fitted

Mmoo

A\

6. Precision insert: types of metal overlays

- 7. Roller
8. Ball

D. Location =
\.\%\glam bearings
' ~ Z™€onnecting-rod bearings
© " 3. Camshaft bushings g
4. Piston pin bushings
5.” Clutch pilot-bushing or bearmg
" 6. Camshaft thrust plate
E. Oil Clearance
F. Requirements . - -
. Load-carrying capacity
."Fatigue resistance
. Embeddability
. Conformability *
. Corrosion resistance
. Low wear rate

VII. Crankshaft
A. Methods of Manufacture
1. .Materials used
2. Design
B Purpose
. Connecting rod throws |
2 Main bearing journals

.

ONA bW -
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1. Purpose of Lubrication Sysem

{ * 3. Counterbalances ’ .

4. Oit passages
* a3 5. Oil slinger/thrust pad
+C.x Flywheel . '
F . Purpose C
a. ‘Supplies inertia to_crankshaft
b, Engages with starter motor
. c. Driving member of clutch
* 2. Location '
D. Crankshaft Trmmg-Gear or Sprocket
"E. Vibration Damper .
1. Purpose ' .{
2. Construction -
3. Location ’

. Cylinder Block ot
Method{ of Manufact{ge
. 1. Materials used
2. Design
'B. Purposes
. Cylinders - "
. Water jackets St .-
."Welch plugs (soft plugs)

. VMvedifter chamber
Oil galleries PO
. Pressure relief valve
C. Engme Serial Number Location

-IX. Gaskets )
A. Materials Used - <, o
. 1. Soft metal
2. Fiber
3. Rubber
4. Neojgrene
5. Cork
6

NOUL A LN -

C. Types and Location
1. Cylinder head
2. .0il pan

. Push-rod cover

Valve cover

Manifolds

Timing-gear cover and seal
Main bearing seal

Nowvasw

X. Miscellaneous Components
A. Bell Housing
1. Purpose
2. Dust cover
B. Engine Mounts

Intake and exhaust ports and passages

o

Section 6: Engine Lubriéaiion:»:system'

!
A. Lubricate Moving Parts to Prevent Wear

B. Lubricate Moving Parts to Reduce Powier Loss from

Friction

C. Actas Coolmgm

\e



S - : ) . : ' T
. b "'._, E . . . , . . ‘ ‘ -
D. Absorb Shock Between BearingDmd Other. Moving B. 01] Change Interval )
Parts ' 1. Factory recommendations
E. Form Seal Between Piston Rings and Cy]mder alls , / .a, For engine with oil filter
F. Act as Cleaning Agent L. . S b. For engine without oil filter
11. Theory of Lubricatﬂr,' o ) 2. Other recommendatxons o
A. Friction Bearings - Viil. Oil Consumption . | | 3
B. Antifgjction Bearings . . K "A. Causes I > . N
* C. Oil Passages . * 1. Engine condition R y '
‘ 1. Circulation- * . , 2. Driving conditions * )
‘ 2. Location.. R 3. Mixture of oil types T
’ a. Intémal . .3 B. Comrections = . Lo g "

b. External - %

lll Source of Oil -~ ™
History and Development

A. Splash
‘B. Pressure Feed

XIX Types of LubricationFS'ysterns -~ / .
. #

& ¥ ‘Discovery o 8 'C. Combination of Splash and Pressurg Feed: o
. 2. Early uses . : . X. Oil Pumps . ‘
/ 3. Oil and gutompbile ., ' A Purpose: Circulation - . .. *
B. ModersrProtesses _ . B Location N . .
1. Modern oil fields -, T In E :
. . . . s . Internal - S : ;
2. Refining - . 2 Extenal L : M -
. 1V. Properties of Oil . ~C. Types o ‘ . _ -
A. Viscosity” , . . > T L Gear tf N \
. . 1. Body R “ 2. Dualrotor " -~ S o .
2. Fluidity . . _ ) 3. Vane - - - C 3
B. Viscosity Ratings o . + 4, Plunger . : SR
1. Viscosimeter @ - . .. -~ D. Theory of Operatxon o Lo
-+ . 2. Temperature o ‘1. Capacity " - ) .
. C. Viscosity Indéx I . , .. 2. Priming _ RN
D. Resistance to Garbon Formatlon o : E. Method of Drive ' L R .-
E. Additives -~ . 1. Distributor .
~ 1. Oxidation inhibitors _ 2. Cam gear ‘ i
' 2. Antifoam agents - ‘ o 3. €rankshaft gesr L
3. Detergents. o ) . 'F. Parts - - .- . .
4. Antnweatfﬂdntnves ’ Lo . -1. Camshaft gear
5. Acid ‘inhibitors sl S 2. Shaft . e
* 6. Vamish inhibitors T 3. Body . - ' / o
* 7. Sludge inhibitors ) w R _ 4. Drive gear . . . (‘ .
V. Water Sludge Formation ) _ 5. Idler gear o S : B
. A. Process of Formation . ' L 6. Coyer , B \\/ .
" B. Prevention of Sludg& - 7. Intae/ ¢ - . .
AN E Types of car opefation e 8. Outlet=y
2. Temperatu s : v 9. Screen .
3. Crankease ventilating system ' N XI. ‘Relief Valves =~ - . _
VI. Service Ratings ofOﬂ (API) : _ A. Purpose. .. - oo C
A.-MS : l . B. Types . . o,
JB.MM - : &, . L Plunger -~ 7
C. ML . . . ~% 2. Ball 2 -
D. DS B _ C. Location
E. DG _.3'" ST : * . 1. Block -
T DU el ) T ) _ .
VIL. Qiflhandes oo o iy L“‘fem“;l
. SA. PU r-bsé:';. ) ) N . 5 P;lmx eit
* 1. Replce contantinated oil ~ : : y WP
P . P ' D. Operation
2. Keesingme clean .t _ o ,
3. Drain il . ’ ¢ XII. Oil Filters o
4 - From below o A. Purpose T e
o b From above B. Lecation - e
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o

. Types - o, .
1. -By-pass . .
-2. Full-flow
- Theory of Operation
. Chgnge Interval

- {Oil Coolers . ‘ .
mpose g § .

TypeJ\
. Locati

¢ e

mo(

°°>‘§ mooey S
Qo

. Purpose
. Location ' _ ' )
- 1. Dashunit '}

. 2. Engine senderumt
. Types S

1. Bourdon tube

2. Electric -
" a. Balancing coil oo .

'b. Bimetal ‘

. . ¢. Waming light -
: Crankcase Ventilation
A. Purpose )
. Types
1. Standard \
2. "Positive, ’ °
Operation '\
Smog Contro . ,

Oil-Level-Indigators O E

Purpose ,
Location @
’

e Section 7: Engine Cooliné System

(@)

e

2

gt

-~}

' C
D.
%

L Purpose of Engme Cooling System
A. Maintain Efficient Engine Operating Temper ture
B. Regulate Enginé Operatmg Temperature tdy Driving
Coudltlo .
.C Mg Temperature Limits -
e%; ults of overheating
reakdown of lubricationoil | .
'b Damage, to bearing and moving parts
. c. Warpage and cracking of cylinder head
“ d. Loss of coolant
e. Stoppage of water citculation
f. Changes in clearance
Results.of overcooling 2
+a. Loss of engine thermal efﬁcrency S
b. Excessive consumption of fuel
c., .Dilution-of- engine-oil -
" d. ‘Eérmation of sludge L
(1) Lubrication failure ’
(2) Corrosive acids
_ e. Changes in clearance

-

-

eu>_§ aAaw>

Types of Cooling Systems
A\Arr-Cooled
. 1. Cooling fins
. 2. Circulation of ait
B. Liquid-Cooled
1. Thermosyphon
a. Gravity
b. Natural laws of w
2. Forced circulation

v

’, -~ N
r circulation {convection)
. >

IIL. Four Essdiitials of Cobling Sysfem

.Ar Absorption

B. Circulation

C. Radiation * ‘
D. ‘Control * -

IV. Water Jackets
Cylinder Block

" Cylinder Head
Water-Distribution Tubes
Water Nozzles
. Soft P]ugs (Welch Plugs)

V. Water Pump
A. Purpose
B. Type Used
" C. Location
D Parts
1. Housmg
2. Water inlet
3. Water ouplet
4, 'Impellerg
5. Shaft 4
6. Seals
7. Pul]ey
8. Bearmgs -
E. Theory of Operation -
F. Method of Driye -

moowe

-VI. Engine Fan

. Purpose
. Location
. Method of Drive

Radiator
. Purpose
. Compartments
1. Air passageg
. 2. Water passages
. . Radiator Types
" 1. Ribbon cellular
. 2. Tube and fin
D. Radiator Parts
1. ‘Radiator shell
* 2\ Radiator core
. Yaz, Top header
" 1b. 'Water tubes
¢. Airfins

9]

£
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Z - e - ‘;" ' .
LI L . " = : .
/ Fan shroud SO . e, 2. -Prevention of freezing
4. Shell att bolts . : : C. Requirements forGood AntlfreezeSolutnon
5. Wyter ml ' . ' . 1. Mixes readily yith water
; ater outl ) 2. Cjrculates fréelyr R
‘? 7. Upper tank :‘ o 3. Milst not” dama%e system by nosxon
8. Lower tank’ { : S e * 4. t.not freez 3) S
9. Connecting hoses . " D. Inadequate Antifreeze olut;ons
10. Drain cock \ , : 1. : S
E. }Drammg Radiator \ . 2. Sugangolutio -
1. With pressure cap) ] 4 3. Oi : '\
2. Without pressure c\ap Y , _,/ . 4. o :
VIII. Thérmostats \ 8 = E ’51" ﬂ?lycemAm'f Soluti
_ 3 iurp(t)se U 1e Ail)c?;?]?; \1 reez|e olutions . ' ’
. Location | . ’ .-
. 1. Watercodled/” AN 2. aAch(_),l(:\?vl Eaflemrgﬁpﬁ;ils o T
2. Ai led : - o o
c. Ty elsr‘;cooe . } N - ‘ 'b! Evaporation .,
* 1. Beilows - \ F. Pgrmawnt Antifreeze Solutions )
N 1. Ethylene glycol matenals percgntages

-/2. Bimetallic \

3. Solid expansion , ,
. Thermostat Parts N \ry . X1, Radlator Additives
1. Case . N ’ \ | ¥ .- A. Cooling System Cle i
2. Bellows of spnrrg . : " B. Sealer )
3. By-passvalye i = T . RS ", C. Acnd and Zs/ .
4. Air-bleed hole ' Wi X ) s
E. Hinciples of Operation ¥ oo XIA]'_SSé);c:al Fe' dy O
- Temperature ranges <., M B: - Radiator Cd)Vers’/‘ N
2. Water circulation: cold | « 'C. Radiator Scidens” 4;,/ .
3. Water circulation: hot - . * . dXIV ; ) . \
IX. Radiator Préssure Cap R A ;—:]ot-(\)vs:ter_ Car Heater o
A. Purpose o ' i) 4 : ;ul - '
) . g~ B P
1. Improve cooling efficiency : . A ' feater raééfor 77 ‘ \_
2. Prevent evaporation e z : 2 Fah motor ~ . ) P
. 3. Prevent surge losses. ‘ : I o .
B. Physical Pfihciples = " - e 3. Fan blades
+ 1. Pressure increase SR > e
" 2. Boiling-point effects ¢ R "
C. Pressure Cap Parts : S R ’ -
& Vacuum valve . SR Se ion 8: Engine Fuel System SR P
- . ER *
g gﬁ?f?g;vgﬁz . : f "Purpose of Engine Fuel System .
' . < - Store Fuel -
D. Pressure Cap Capacities: . - ' Q Deliver Fl:el to Engine : , \
X. Temperature Indicators . T 7 C Mix Fuel and Air to Proper Propomons ,
3' {urpo_se o Vo 11 Hlstory and System Types
. lqtg:t:ls%nunit . : L. A. Gravity Feed System
2' Engine unit ' 3 # - K .’'l. Tank located higher than carburetor
C. lr;dicator Types K g . + 2. System used about 1900 to 1931 °
1. Vapor pressure \ ’ : B. lVacuum System *
2 Electrical . L 1. Vacuum tank located higher than carburetor g
<" 2. Balancing coil - . 2. Intake-manifold vacuum applied to vacuim tank
b. Bimetal thermostat " ¢ 3. Gravity from vacuum tank to carburetor } v
: e e e 4 -System invented bout 1920 ' o
XI. Antifreeze Solutions : S C- Pressure System: % .
A. Purpose e - 1. Fuel tank under”2 to 4 pounds higher- pressure
‘B. Physical Principles - - L - than atmospheric -
1. Freezing: expanding force : Z.. Handpump on dash for starting S
e B . T 1 16 B - o
. . . e ¢ . ° -
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3. Engine pump used afteT running 3. Impeller,
' 4. System used in some hjgher-pncea’ /fcars about ' 4. Combination .
. 1915 \ - _ ' - D. Operation ® Vs
{ . ‘DPropane and Butane Systems '
{ ‘ " ““VIL Carburetion

1. Creates own pressure
2. Stogd s a liquid A. Carburetor Fundamentals .or

3. Released] as a vapor - ' € 1. Purpose of carburetor
IUsed in logalities where readily available 2. Physical principles
54 Used now n sope install: a. Atmospheric pressure
E. Pump Syste b. Vacuum
% 1. Draws from tank by vacuum ¥ c. Evapqratlnn
. 2. Forcesto carbureto;,by pressure " d. Atomization
)

B. Carburetor Basic Parts

3. Now standard type‘of nnstal]atnon
. ) 1. Air horn
III. Fuel Tanks I N 2. Venturi )
A. Purpose ‘ . v A 3. Fuel nozzle A
B. Lacation » ' 4. Throttle valve (
. * C. Structure . % "C. Fuel Mixtures .
1. Metal: spark proof - T Rich I A
. 2. Cormygation - i 7 a Ratlo - B
3. Baffles ‘ " b. Conditions when needed
4. Filler'pipe ¥ - , ’ 2. Lean Lt e
« . 5. Fillercap ’ . - a. Ratio - N
6. Vent ¢ ' - R b. Conditions when needed
7. Gauge sending-unit locatlon . ¥ "Dl F]oatCircuit/- _
- 8..Fuél line’ ., 1. Purpgse-l %
’ 9. Filter screen : 2. Opefation &'~
" 10. Draig plug . , . o 3. Fuel-pump control_
) ) . / 4 a. (iaeverage ~
IV. Fuel-Level Indicators : b. Hydraulic face areas
& A. Purpose ' v. " ~4 Condhtric 5‘? '
B. Types . : : § e . a. Horseshoe float
. Stick h .J‘ " . b. Dual-float assembly
\2' Hydrostatic . Tt S. Dual-float circuits
3. Mechanical . \ o 6. Float-bowl vent
, 4 Electric (] } \ i . _o? p a Balanced :
. -a. Bimetal type , , oy * b. Unbalanced : .
" b. Balancingoil type - ‘ ! 7. Air bleed: purpose -
ol 3 C . $. Adjustment -{ - .
VAF_“;J;:};?;S // ' A S : 1 a. Fuel levelitoo low
B. Types® P L b. Fuel lefeftoo high  °
' 1. Steel T - ld]e and Low-ppeed Circuit
Co P 1. Purpose
. Copper . i - o
~ 37.Flexible - . @ 2. Operation .
C. Fittings T : : 4. Air-horn c ndmons ,
. b. Idle circuit 1
- 1. Compzession ie ¢ .
2. Flared : ;¢ Low-speed circuit
D. Location - d. Air bleeds
1.. Vibration . . 3. Adjustment
2. Sharp edges <. a. Idle speed
3. Heat b. Idle mixture
-F. High-Speed Part-Load Lircuit
. V1. FuelPumps - 1. Purpose
A. Purpose o s 2 Operation :
'B. Location - . a. Mechanical (met grod)
C. Diaphragm Types® g “ b. Vacuum (power Wive)
1. Bellows : . - G. High-Speed Full-Rower Circuit
2. Plunger ‘ ’ 1. Purpose

—
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w2, Operatlon . . ~
a. Mechanical (metenug rod)
b. Vacuum(power valve) «
- c. Combjnatjon méchanical and vacuum
-H. Accelerator-Purﬂb Circuit .
1. Pyrpose - * ¥ R
2 Operation : . .
. a. Plunger ™ .
b. Diaphragm® ;
" 3. Adjustment
[. Choke Gircuit s - [
1. Purpose . '
2.- Manual operation
3. Vacuum opemtion
4. Electric f‘ . ‘
5. Adjustment . : S
J.  Other Carburetor Features ., , .
. Throttle cracker .
. Fast idle
. Antipercolator g,
. Throttle-return chegss e
a. Dashpo C oy
:b. Diaphrggnt” ’
Distributor:vacuum citcuit
“Starter switches
.- Kick-déwn sthches
. Governors ‘ oy
arburetorTypes o
. Fuel entry tom d
a. Downdraft
b. .Updraft .
c. Sidedraft =~ ¢ )
{ " 2. Barrels : \
a. Single barrel
b. Two barrel
c. Four barrel.
(1) Primaries
(2) Secondaries

-'Oob\'s».

(3) Progressjve lmkage\ R ‘
) (4) Circuit vanatxons “fram smgle- and two
bagrel . . %
3. Mulitiple carburetors -
¢ a. o two-barrels -
. b. Three two-barrels %, T w

¢. Two four-barrels
(1) Unison linkage
(2) Progressive linkage
(3) Vacuum-controlled linkage
« 4. Fuel injection o
. a. Combustion chamber
b Intake manifold A Q,

. Purpose J
. Oil-Bath Type ' : .
1. Operation * '

2. Service

C. Dry Type

VIII. A1r Cleaners.
A .
B

. 1. Parpose-of Electncal System i

I1. Cqmponents of Electrical Q/stem . . ‘.'

“ D. Regulators

., Operation
2 Service .

IX. Fuels °

A. Fuels in General Use )
. Gasoline _ . .
. Benzene % \ ' \
Benz . . » oo :
Alcolfol Y o @
.'Natural gass * »
. Fuel-oil !
. Propane and Butane N .
B. Physxcs'of Carburetion and Combystion gf Gasoline
_L..Combustion /9 .
2. Compression . .
3. Fuel knock (detong$ion and preignition)
a. [eat onYrregular surfaces ' * Ao
. b.. Co sion ratio L \ ,
N . R ¢

>
qo\m_:u_wm—-

*. ¢. Ignition timing
d. Rapid burning : o
(1) Antiknockvglue _ - ’
s+ (2) Measurement ofantlknock value .

(3) "Chemical control- C. .
. (4) Weight of air . -* o .
(5) Vaporization ) :
(a) Spraying : -

(b) Heat R ‘
© {’acuum-

" _(6) Voldtility P
(2) Stafting )
_ (b) Vapor lock ’
(c) Warm-up
¥ .+ (d) Acceleration
(e) Economy ; R
(f), Cragggease dilution )
f Evap®tation during nonpperation
) Atmospheric conditions :
(i) Blend
(7 Harmful chemicals, and gum

Sectlon 9: @ectrlcal System
s
A. Cranks Engine fos Starting
. B. Helps Create, High-Voltage Surge for Ignition
C. Provides Blectrical Current for Electrically Operated
Devices' ° .

A. Storage Battery
B. Cranking Motor
C. Genegator/Alternator

4 x

lgnmon Distributor (Txm;:r)

H Spark Plugs ;"/ ' .
gWiring :
J. Switches

K. Accessory Units




- 110 e T . . -
: . ' T L o v '*7" < . l

lII Fundamentals of Electrrclty -

#IV. Storage Battery .o '
ﬁharactenstlcs S~ 2 { N A. Purpose . o !
1. Atoms *+ . * - . Y . B. Construction , T (
a. Electrons: negatrve( -) L 1. Container . TN
__b. Protons: positive (+) w2, Pla?s . LA ’ S~
’ 2.»Attractipn of.opposite charges ﬁ ' : a. Positive: lead peroxide - s
Tt 3. Repulsion of like charges ~ 7 b.. Negative: sponge lead _ N
C 4. Accumulation of electrons: elggtric charge o 3. Separators o '
3 5. Accumulation of electrons by bneratc)rs and 4, Post straps . - i .
o batteries 5. Terminal posts’ R . )
B. Prmclplés *of Electric ¢<1rrent L* L : 6. Cell covers ’ R !
C. ~Conductors . R 7. Cell connectors (internal ahd exteérnal)
1. Example: copper 7 8. Vent plugs - . | ,
. 2. Free movement of electrons - | . 9. Sealmg compo_und . T -
D Insulators B . ! . X - C. Pfinciples o_t' Chenuéal‘Actlvrty N
_-1:.Example: rubber A . : D. Battery Ratings . o
.~ 2. Few freacelectrons * s 1, Definition ) .
‘,. 3. Prevention of loss of electronsfrom conductors - “4. Total area . -
E. Electrical Terms . _ ) e . b. Volumeof active plate matena‘lr' .
. 7 . : 2 ount of electrolyte .
" 1. Voltage ' d th of elecfrolvte _ ,
. a. Electric pressure - - , 6 0 : ) 2° Meth QL ; of electroly o,
'b. Pressure measured in volts ' T ' : odyof rating ' S _
. 2. Amperage - a., Ampere-.hour capagcity : : .
P - " b. Cold ratin -,
: a. Current flow S . . g - >
& b. Flow measu/r{d/ in amperes : Ty Crankmg Motor - '
©. 7 3. Resistance L : ' A. Purpose ' o S
. \ o b esistance to electrical pressure } . ‘. B. Principles of Motor Operatlon - ,
A esrstq‘nce measured in ohms 1.-M . : !
' : - Py agnetic field around conductor . -
'f'n;»’; . B Ohmsl_aw { . . e e " 2. Conductor in magnetic field .. .. < —
"G. Cucmts R A N 3.  Lines of force action N '
1 Series R _ S -‘__ ‘4*Current flow . ' -
a. Cyrrent flow same in 4t parts of circuit 'C._Construction of Cranking Motor
b X ; istance equal to sum{,of individual - “ 1. Basic elements % e .
a. Ushaped condyctor .Y 7.
TLET e ua} to; sum o,f potential differences b. Contacts e
: ances’ c. Brushes ‘ T
2 Parallel 49 '.. * d. Maghets £ "’- s
a. _Voltag SaMe BeIOsy _r,estances Battery - *
:.. + b, Total current equ \ +bf currents through - -, 2. Components of cranking motor
branchés 7 e ' " 'a. Armature - ' .
“c. Total resistance equal’ o yoltage across resist-- ~ / b. Field-frame asgembly
. ances divided by total circuit current’ . c. Comynutator end-head assembly
*3. Series-parallel ‘. ; _ d. Brushes -
a.. Certain components in series . . ¢ ¢ + . e.Drive housing \ _
b. Certain components in parallel ‘ ' f. Drive mechanism - ..
H. Magnetism : ) ~.g. Solenoid assembly I
. 1. Magnets: characteris'tics : R i h. Shift-lever assembly ah
: 2. Lines of f = D Cranking-Motor Drives LD
a. Stretch etween magnetic poﬁes ¢ . . 1. Purpose o
b. Tend to be paralle}’ (do not cross) R , 2. \Types N
L Electromagnetlsm o T a. 0verrumung clutch . T .
h © 7717 Lines of force producéd by Current ﬂow T b InertiaTTT T T
2. Electromagnets: combined magnetic ﬁeld ' ' . (1) Bendix drye A
3. Permeability - ) . . - . (2) Dyerdrive .
a. “Iron core in coil _ o c (3) Eplo-thru drive N
. b. Increased magnetic field < 1 1 9 c. Principles of operation
) ;ﬁ;“. R ) . - - . N N ’
. | y ] :
. £




. E. Crarikmg-Motor Controls

4

1. Purpose " ) AR

* 2. Manual operation
3. Automiticcontrol: solenoid
4. Methods cf\operation

X 4

F. Simple Wiring iagram %

VI Direct-Current G_enera{or . Y
- A. Purpose - -
" By Principles of Qenerator Operatlon
: 1. Conductor mgving Lhrough magnetic field
2. Current.flow "
3. Magnetic lines of force LT
4. Rate of cutting lines of force

C. Construction of Generator =« Y.

“ 1. Ushaped conductot \‘ s "

-2.-Contacts .

4. Fidld\coils *

3. Brusfj ' S )
5. Drive T B

D. Components of Generator
1. Frame assembly

* a. Frame {’
“b. Field coil - . .
“¢. Pole shoes . : L
d. Terminals . - . '

© 2. Armature

3. Commutator end frame

4. Bryshes .

5. Drive end frame .

. 6. Fan TN
7. Pulley [ .

E. Outht control(
F. Witing diagram

" VIL. Generator Regulatoss (Conventional ‘)d Transistor-

rzed)

A. Purpose - }#

B. Cutout Relay (Clrcmt Breaker)
1. Purpose .
2. Construction

a.

s po o

Two windings . h
(1) Current

(2 Voltage

Core -
Armature °.

. Contacts " _

Spring .

3. Operatlon

a.
b.
c.
d.

e.
mmmmmr———(1)--Current.flows-tosbattery-from-generator- -

-f.

Voltage buildup

Magnetic field produced
Spring tension overcome
‘Armature closes
Generator current flowing

(2) Magnetrc fields reversal-weakened '
(3) Contact poinfs separate
"\ (4) Circuit open}

- \

3 C. Vottage-Regulator : . .
- 1. Purpose . - '
a. Prevents excessive voltage 2
b. Maintains constant voltage
2. Operation =~ . » -
‘D. Current Regulator L ,
. 1. Purpose . - e
a. Refulates current to battery .
‘b., Protects battery  « . .
2. Operation - <2, N

VIIL Aﬂematmg—Current“'Gemrator System ( Jemator)
A. Wiring Diagram of Alternator Cucmt
B. Function of Alternating-Curré nt Generator ?)\lter-
: nator)
\ C: Construction and Description of Parts, Ly
D. Principles of Alternator Operation -t ';
IX. Ignition System (Conventronal and Transnstorrzed)
A. Purpose o .
B. Components ’ _
1. Battery
" 2. Switch .
3. Resistor » .
4. Coil 7
5.. Distributor : : -
6. Spark plugs
7. Wiring
8. Switch
9. Tinrer o Coo .
Distributor
1.. Purpose -
a. Closes and opens circuit between battery and
coil
b. Distributes high-voltage surge to spark plugs
.« Location /- '
. Construction S .

.a. -‘Housing ‘ | \,

b. Drive shaft
(1) Breaker cam - ' .
(2) Advance niechanism - o r/—'
Breaker plate '
Contact points .
Rotor - -
Cap- '
4. Operatlon
5.\Spark advance mechanisms
a. Purpose 3
b. Types and operation’,
(1) Centrlfugal
(2) Vacuum

(4

WN

—e e

[N

(2) Magnetic field buildup .
(3) Points held closed by current - )
Generator current flowing

(1) Cument flows fromi battery to generator.

‘.k'\.y

\7‘

3 | 8%

=== (3)=Combination— - s —rmr o e e
(4) Full vacuum '
D. Spark Plugs
1. Purpose -«
‘2. Location



o

b. Insulator )
. *c. Electrodes: . i
: (1) Center .
_ (2) Ground :
d. Terminal
e. Sealing methods
f. Threads )
4. Heat ranges IR
a. Heat path
b. Hot
c. Cold - . .
5. Spark gap '
-9

Location
. Corftruction
Case
b Coils (wire)
(1) Primary
(2) Secondary
c. Iron core
' 2 d. Insulating materials
e. Terminals .
(1) Prim; o
(2) Secorlda ) e
‘4. Operation :
a. Creating magnetic field
b. Collapsing magnetic field: primary

¢. Collapsing magnetic field: secondary

. d. Capacitor (condenser) effect
F. lgmtlon Swjtch - ) +°
© 1>Purpos¢ '
2. Operation
G. Wiring Diagram !
1. Primary circuit
2. Secondary circuit
H. Ignition Timing Marks
1. Purpose
2. Location

X. Electrical Circuits
A. Horn
. B. Lights (Intemal)
C. Runnmg Lights
. Headlights

42 Talmghts _

3. Stop lights -

4. Back-up ligs
D. Directional Signals
E. Accessories - S

3

.
~
'K
»
-

‘ﬁf-‘ _ ' 4. Observe valve action

. P
. / . 4 hd
« 5
'
+ N .

< Section 10/ me-Trouble Dmgnosns

‘ I. Engine Failure
‘ A. Compression Loss .
N f B. Failure of Engine to Turn Over
C. Ignition Troubles - 7 /
. D, Garburetion Troubles oo

II. Compeessign, Loss .
- A. Causes
1. Cylinder bore wear
. 2. Improper valve timing -
3. Improper valve seating
4. Cylinder-head gasket -
. 5. Cracks )

B. Trouble Checklist SR
-1. Crank engine; dﬂagnose corrrﬂressnon noises”.

2. Make compreéssion-test "
3. Observe valve action, ‘: g
- 4. Check valve adjustment N m%
1. Fallure of Engine to Tum Over o _—.'
A. Causes . '
. Piston and rmg fit" '
. Bearing clearances <
. Valve action - '
Lubrication'system
. Cooling system
Starting system
B. Trouble Checklist
- .1. Check lubricating oil
"'2. Check water

i

PP,

3. Purn crankshaft by hand, if possible

5. Diagnose abnormal knocks and noises’

IV Carburetion Troubles
, " A: Causes
\\‘/,\L 1. Carburetor circuits
~ N, Float -
c oo Cdle .
‘ > s Part throttle
. High speed
Accelerator pump
Choke RO
Fuel pump o
. 2 Fuel-tank '
Fuel lines
. Manifold and exhaust system
. B. Trouble Checklist T
"1.”Check fuel level in tank
.. . 2. Check accelerator action
‘ 3. Remove carburetor fuel line; crank engine
4. Check fuel pump g
5. Test fuel lines

,
R
e pe T

“nhwe

r:—,;;m._,Relays‘,..,;f., e e A st ,?,if-z&Gheckfautzcleme{,. T
A. Purpose : - h V. lgnition Troubles '
B. Uses‘ ‘ 1 ~ A. Causes
1. Lighting : 1. anary system
2. Horn L ar Battery
- ‘

A
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. -
: "
- 2].-‘ ) 4 r
. Sh . . ; ’ * v \ / ° :
'b. Switch . . : " . E Flywheel and Pressure Plate Permltted to Turm
c. Primary winding ~ . ; lﬂdependently of Friction Disk . . '
d. Co?necuons - N ' 1. Types of Clutches ! T “
e. Vo tage- dropgspg resrstor ) A. Al] ‘Similar in Construction and Opﬂatron )
; f.. Coil primary-winding  * - . " 1. Expanding clutches - . .o
" & D'St"l.)um' points . > ) ' 2 Contracting clutches : Vo4 ¢
. h. Capacitor (condenser) L : 3. Cone clutch . - : L
i. Ground return to battefy - * 4. Dry-disk tlutches N : 7
/ 2. Secondary system . oo . . fa. Coil pressure-spring type o
a. Coil secondary-winding ) : . b. Diaphragm-spring type o
< b. Distributor rotor - Crown pressure-springtype S e
7 +-c. Distributor cep .5 ultrp’]e dry-disk clutches ¢ -
. (1) BraKen S -5 - .. 6.\fil-bath disk clutches : ‘ o
(2) Moisture - ’ S s g Multiple disk ™. ) -
d. High-tension wmng _ : ,i Single disk
" e. Spark plugs iz OB Mog 3Common1y Used Clutch: Smgle Dry- -Disk’
. _ f. "Ground retum through part of pnmary system. v, Friciise Disk.. o
"% B.. Trouble Checklist. (Use of Jumper Wire and fVoit- » N A lfllfrblo:sselmbly R ’ ,
 meter) S Afi ec.d ), Splinedhwb | < - o
1.- Remove coil wire from distributor : i T “a. Splined to clutch shaft . \
. ?) g;lan te ngi I'II(C T ‘ A"?-v._ b. ‘Allows meyement lengthwise N o ,
 ch kel(): t:P_af . ’f‘ . v , B f’Force a4th to turn with clutch shaft °* Lt
| L Lnee oatiery 5}1 ¢ ol co : j 5 : d. Must fifsnugly yet without drag or bmd :
- HE kd C e 3 TQl?sronal springs, . 4 .
b. Inspect wirirtg battery connectlons - N ‘2., PJaced between drlve{washers
3. Check distributor side of Toiky, - O M . . N
4 Check pomts . S b.a bgfi'bs torsional vrhratron from en§ " -0

. *'b. Inspectgviring and connections
SCl d}heck?apacrtor (condt?:fer) . =3 = g 3eﬂ;2§hersi e \ _
- 4. .Checkdgmt.ron timing ‘ I 5. Moldsd friction:washes~, LT 1
o oo v A Ldcated between hub ange and drive washer ‘.
) wﬂ Sectlon 11: Clutches " b. Prevents oscillation | be een hub flange and
‘ , . : “ " drive washer Ch ‘ .
I Purpose Of ClUtCh ¢ 6. Movement of hub ﬂzmge hmrted by stop pm ,
A. Used with Standard Transmrssrons B. Dlsk Assembly
B. Couples or Uncouples Engine;and Transmission™ - .. Friction rings or clutch facings
1. Coupled position (normal running) a. Made of frictional material :
a. Power to transmission . ) - (1) Asbestos main part of composition
b. In gear: power to rear wheels. : S (2) Heat-resistant materials
‘2 Un’coupled position e : b. Providés proper amount of slipping when start-
a Allows gears to be shifted easily E : . .- ing
lowgighgin€ to ryn with transmission in gear _ “¢c. Provides positive “nonslrppmg drrve when
C Prov:d Gradual;but Posrtrve Applrcatron of Engine ‘  epgaged. .
Power to Power Thain ' . d. Usually rivetéd to cu§hromn sprmgs
1: - Mip#fnizes shock : A, . 2. Cushioning sptings
2. Provides comfortable starts . a. Provide cushioning effect as clutch is engaged
IL, Principles of Operatron . b. Produce smoother engagement
A. Frictional Contact Made Between Two Smooth Metal- A c. Consist of waved cushion springs .
lic Driving Surfaces ahd Facings ‘Riveted to Driven » d. Waves compress when engaged bt
. Disk V. Pressure-Plate Assemply . : .
eel and | pressure plate: drrvmg surfaces . A. Pressure Plate and Flywheel - .
e disk _irr\_re_r}_plate ' 1. Both. drrvmgjurfaces_.:_:__:__:::__t::; ...... I !
B. P[essul’e Plate and Fl}c’gon DL?k Held 2. Su[faces Smooth pa[a”el
Pressure Springs .. - 3. Friction disk between driving surfaces
C. iction Disk Splined to Clutch Shaft . B. Clutch Cover
D. Clutch Uncoupled By Release of Spring Pressure on . . Bolted to flywheel =
~. Pressure Plate by Operation of Clutch Pedal - a, Becomes part of flywheel

*

a
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b. Rotates with fltywheel- S 2. Mounted on throw-out collar
c. All parts of’ pressure- plate assembly attached to 3. Moved forward,against release levers
. clutch cover - 4. Turns with the release levers
2. Houses pressure spring arrangement 3 Depresses release, levers, disengaging clutch
f 3. Houses clutch release ‘mechanism . VIL. Clutch Pedal and l,;nkage
C. ll’rezsurie SP"'}gS . ' ‘ A. Effects of Depressing Clutch Pedal
: OIC L 1. Clutch pedal arm depressed © o
, a.. Contains three to nine r|ngs ‘ 2. Rotation of clutch pedal shaft
b. Spring loads’ friction! disk between pressure 3. Adjusting link pushed or pulled
plate and flywheel when coupled 4. Rotation of cross shaft (if included)
c. Clutch‘releaseq,by compression of springs & Forward movement of throw-out fork
2. Draphragm (tapenng-ﬁnger type) . a. Forward movement of throw-out bearing
a. Provides spting pressu#e-te pressure plate b. Release levers depressed .
b. Acts as release levers ) c. Pressure plate pulled away from friction disk
c. Reacts similarly to bottom of oil can when B. Effects of @leasrng Clutth Pedal
depressed . Return Of clutch pedal arm (assisted by return
(1) Tapered fingers depressed spring)
(g) 3raphradgm pivots on pivot ring 2. Clutch fork pulled back by linkage
. (3) Outere ge raises ) ) . " B Throw-out bearing pulled away from release levers
v (4) Works against retracting spring to pressure 47 Return of release levers * -
plate P d .
(5) Pressure plate pulled away from friction - 5 p::::::leb)? l:rt:s’srﬁec:;)r?ngsl*’ and flywheel com
"disk . ‘ .
d. Clutch engaged by built-in sprmg tension of C. Hydraulically Clutch Operated B
diaphragm ‘ VHI. Clutch Shaft Suppqrt

A Crankshaft End of Clutch Shaft Supponed in End of

3. Crown
Crankshaft or Center of Flywheel by Bushrng, Roller,

a. Variation of diaphragm type

b. Diaphragm formed of single corrugated plate of or Ball Bearing
spring metal ¢ B. Shaft to Be in Perfect Alignment (Will not “Whlp”)
c. Action (same asin V.C.2.c.) X Semrcentrrfugal Clutch
- D. Release Levers A. ClutchSimilar in Construction to Coil-Pressure-Spring:
1. Purpose: to disengage clutch by relrevmg spnng Clutch

Werghts*(laced on Outer Ends of Release Levers

Added Pressure on Pressure Plate Exerted by Release
(1) Usually three levers Levers Because of Increased Speed

+ - (2) Adjustable . Gentrifugal Action When Clutch Begins to Revolve

() Adjustment screws X Clutch Trouble Diagnosis

pressure to pressure plate
a. Coil-spring type

O ow

(b) Uniform pressure A. Slipping
b. Diaphragm-spring type - B Chattering or Grabbing
(1) Tapered fingers "C. 'Spinning or Dragging .
(2) Nonadjustable D. Noises (When Engaged, Disengaged)
c. fl';)‘”(’:':)'sl’mtg gggge ol E. Pedal Pulsation
rrugate ease - .
) Nonagjustable , F. Friction-Dnsk Facing Wear
2. Release levers depressed by throw-out bearing ‘Section 12: Standard Transmissions and Overdnves
VI. Throw-Out Mechanism £ 4 I. Purpose of Transmission
A. Clutch-Shaft Bearing Retainer and Sleeve A. Provides Means of* Varying Gear Ratios Between
1. Front transmission bearing retained - Engine and Rear Wheels
2. Clutch shaft covered by sleeve : ' 1. Ratios between engine andgrear wheels (approxr-
B. Throw-Out Collar : N mately)
1. Slides on clutch shaft sleeve . a. Lowgear . ..................... 12to 1
2. Holds throw-out bearing ’ / ., b.Secondgear/.:............... ... 8tol
C. Clutch-Release Fork o N c. Highgear....................... 410l
1. Pivots on flywheel housing: ball stud d. Reversegear .................... 12to 1
2. Moves throw-out bearing and collar forward =~ 2. Ratios between clutch shaft and transmission main
D. Throw-Out Bearing . shaft
1. Sealed ball bearing a. Lowgear...... e s... 3tol
123
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g " b. Secondgear .................... 2tol 4. Main-shaft second and high sliding gear

.c. Highgear ................... ... ltol 5. Reverseidlergear
d. Reversegear .................... 3tol B. Shafts 5
B. Provides Reverse Gear for Backing Car . Clutch or pilot shaft

2 Countershaft
3. Transmission main shaft
4. Reverse idler gear shaft

II. Transmission Gears
A. Relative Speed of Rotation (Gear Ratio)

1. Speed determined by number of teeth
a. Same number of teeth : C. Thrém “:a Sh;rsft
(1) Tum at same speed , - vountersha
. : 2. Main shaft
.. (2) Gearmatio: 1to . T 3. Reverse idler shaft
b. Different number of teeth : everse
D. Bearings

(1) Smaller gear turns faster

(2) Large gear 24, smaller gear 12; gear tatio: 2 L. Clutch gear bearing

2. Main-shaft rear bearing

to | 3. Front pilot bearing
2. Number of teeth of driven gear dlvxded by number h
4. Countershaft bearings :
of teeth of drivinggear to determine ratio . .
L . 5. Reverse idler bearing =
B. Direction of Rotation E. Bearing Retainé
1. Turn in opposite directions (when two gears mesh) - Jearng metmners
2. Ldler goan, . 1. Clutch gear bearing retainer and throw-out bearing
’ . . sleeve
; ghange dl]flectlon of rOt:lthl;l q 2. Main-shaft bearing retainer
. od r:lot change gear ratio etween riving gear F. Transmission Case
C. T ar; G Tiven gear ) - G. Shifting Mechanism
) ly%es of Lears 3 1. Shifting forks
pur gear ‘ 2. Shifting levers (side mount)
2. Helical gear
. 3. Cover
3. Bevel gear c .
4. Skew-bevel gear V. Operation of Basic Standard Transmission
5. Worm gear . A. Neutral . .
6. Rack gear o ) _ B. Low Gear '
7. Pinion gear | : C. Second Gear
8. Planetary gears : D. High Gear .
, a. Intemnal or ring E. Reverse Gear /'
. Planet
:. Sua:e ary . - ' VI. Gearshift Lever (Transmis on)
d. Spid ] t . A H-Pattern .
' pider or planet carrier " B. _Two Separate Motions
1. Torque (Transmission) '1. Selection of gear assembly
A. Change of Torque According to Gear Ratio 2. Movement of gear assembly
B. Torque in Any Turning Shaft or Gear

VII. Transmission Synchromzmg Device (Synchromesh) =
A. Gears About to Mesh Made to Rotate at Same Speed

1. Mesh without clashing of gears

2. Easier shifting

3. Less wear on transmission parts

1. Torque applied to crankshaft

2. Torque supplied by crankshaft to gears in trans-
" mission so that gears turn

3. Torque carried through power train to rear wheels,

causing rear wheels to turn : B. Synch hT
C. Torque on Gears Measured as Straight-Line Force at - Synchromesn 1ypes
o - 1. Cone-clutch type (Ford)
Distance from Center of Gears - 2. Pin type (Rodge)
¢ D. Torque Ratio Opposite to Gear Ratio hd - Pin type (Rodge
E. Torque Increase Caused by Reduction of Gear Speed VIill. Constant-Mesh Transmission
. . i dG Al i
IV. Basic Stan_ dard Transmission ' A x:;r}]l-Shaft and Countershaft Second Gears Always in
A. Gears c%{f B. Constant Mesh’ Used in Conjunction with Synchro-
1. Clutch¥or main drive gear mesh
2. Cluster gear or couhtershaft gears C. Principles of Operation
a. Countershaft drive gear
b. Countershaft second gear IX. Selector and Shifter (Transmission)
c. Countershaft low gear A. Types of Selector and Shifter Devices
d. Countershaft reverse gear ' B. Steering-Column Gearshift Mechanism
3.. Main-shaft low and reverse sliding gear C. Floor-Shift Mechanism
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X. Transaxle Units: Similar in construction and operation
to other standard transmissions

X1. Purpose of Overdrive

.>.§ moowy

XIIL
A.

Establish More Favorable Gear Ratio

Reduce Engine Speed at High Car $peed
Provide More Economical Operatlon
Lessen.Engine and Accessory Wear Per Car Mile
Drop Engine Speed About 30 Percent

Method of Operatlon (Overdnve)
Automatic

1. Operation automatic at about 30 miles per hour
2. Selective i . T

a. Direct drive

b. Into overdrive: foot to be raised from acceler-
ator '

c. Out of ove;ﬂ.nve :
(1) Accelerator to be. depressed ° wide open”
(2) Throttle switch actuated

. Two Separate Controls , -7

. Centrifugal device (governor)
2 Electrical control (solenoid)

Freewheeling Mgahamsm (Overdnve)

Coupling Between Two Shafts in Line with Each
Other (Overrunning Clutch)

1. Inner shell

2. Outer shell

3. Rollers between

Solid Drive When Power Delivered to Input Shaft
Outﬁut Shaft Ovefrun Because of Slowdown of Input
Shaft )

1. Uncoupling of clutch

. 2. Free turning of output shaft

XIV.

3. Input shaft on transmission
4. OQutput shaft on propeller shaft
Mechanical Principles of Operation

Planetary-Gear System (Overdrive)
Components

Outer ring gear (internal gears)
Three planet pinjons
Planet-pinion cage
Planet-pinion shafts

Sun gear

Sun-gear shaft

Ring-gear shaft

Prmcnp]es of Operation

1. Speed increase (sun gear stationary)

TN YA W

. Sun gear stationary
Planet-pinion shafts carried around with cage
. Planet pinions .
(1) Rotate on shafts '
(2) “Walk around” stationary sun gear
(3) Cause ring gear to rotate .
2. Speed increase (ring gear statlonary) ’ Wk
a. Ring gear stationary
b. Planet-pinion cage turning

a o crf»
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Planet-pinion cage turning -

’ﬂl‘ﬂUﬁW}ﬁ

~

c. Sun gear rotating faster than cage
d. Driven ‘member turning fastel‘ than dnvmgg
member -
3. Speed reduction (ring gear tumxpg) "
Ring gear turnihg
b Sun gear stationary - ‘
c. Planet-pinion: cage tummg slower than ring gear
d. Driven member turnmg slower than dnvmg
member -
4. Speed reduction (ring gear statlonary)
a. Ring gear stationary - S
b. Sun gear turning ] A
c. Planet pinions -
(1) Turn on shafts
(2) “Walk around” ring gear
°(3) Planet-pinion cage rotates

o

~* d. Cage rotatmg slower than sun gear

e. Driven member turning slower than dnvmg
‘member - . .
5. Reverse (planet-pinion cage stationary)
* a. Planet-pjpion cage stationary
b. Ring gear turning
c. Planet pinion
"~ (1)-‘Acts as reverse idlers
(2) Causes sun gear to tum in reverse dlrectlon
" to ring gear
d. Sun gear turning faster than ring gear
6. Reverse (planet-pinion cage stationary)

a. Planet-pinion cage stationary
3’

b. Sun gear turning \
c. Ring gear turning opposite to and slower than
sun gear

7. Direct drive ‘
*a, Any two members locked together then entire

planetary-gear system locked, and input and
_output shafts turn at same speeds
~ b?No member held stationary and no two mem-
bers locked together: system will not transmit
power at all

4

. gear attached to output shaft
2. Planet-pinion cage splined to transmission main
shaft .
3. Sun gear
- a. May be permitted to turn free
b. May be locked in stationary position
(1) Ring gear (output shaft) forced to tumn
faster than transmission main shaft
(2) Transmission main shaft “overdriven” by
output shaft

. Apphlglon to Overdrive
1. Ri

. Nomenclature (Overdrive) -
. ‘Clutch Cam

. Transmissién Main Shaft

. Sun Gear

. Pinion-Cage Assembly

. Ring Gear

. Pinions-

LY
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. "Output Shaft

Output-Shaft Bearing

Clutch-Cam Rollers .

Control Shaft-and Lever 4
Shift Fork “. -
Solenoid Assembly

. Control Rod
. Sun-Gear Pawl
. Blocker Ring

Sun-Gear Plate . E

. Governor - - - - - - -

. Overdrive Operation
. Going into Overdrive

1. Car speed approachlng 18 to 20 miles per hour
2. Sun-gear pawl retracted
3. Governor closing electrical contact
4. Solenoid energized -
= a. Spring loading solenoid pawl
b. Pawl held away by blocker ring
5. Accelerator pedal momentarily released by driver
a. Engine speed dropping g
b. Freewheeling mechanism Wiz into action
c. Output - shaft . overrunning transmlssmn main
shaft
(1) Sun gear slowmg and reversing duectlon
(2) Moving blocker ring
(3) Pawl moving inward

(a) Registers with notch on sun-gear con- .

trol plate
(b) Locks control plate: stationary
(c) Locks sun gear: stationary
6. Driver accelerating and engine .speed increasing:
car going into overdrive (See XIV.B.1.)
Coming Out of 0verdnve Accelerator Pedal De-
pressed .
. Operates kick- down switch
2 Produces two actions
a. Opens solenoid circuit
(1) Attempts to withdraw pawl
(2) Considerable pressure against pawl /
b. Grounds out ignition circuit :
(1) Prevents engine from delivering power
(2) Relieves driving thrust on sun gear
(3) Pawl pulled back by solenoid
(4) Ignition circuit reopened by solenoid
Locking Out of Overdrive: Control Knob Pulled
1. Actuates control rod
2. Moves shift fork .
a. Sun gear meshing with ring gear
b. Sun gear and ring gear locking
3. Locks sun-gear pawl -
Reversing _
1. Overdrive to be locked out (shaft mechanism
reversed by transmission) .
2. Overdrive control rod moved to lockout position_
when reverse shift is made

XVII. Overdrive Electrical Components e

Y

F’?’F”POF’?’

B.

Battery

g ¢

- Ignition Switch %

Relay

Kick-down Switch
Governor Switch .
Ignition Coil and Distributor

Solenoid .

1. Ground-out contact

- 2. Pullin and hold-m wmdmg

Wiring’
: »
- Section 13: Automatic Transmissions

_ L. Main Sections of Automatic Transmission
A.

Clutch Coupling or Torque €onverter
Planetary Gear Box

II. Fluid Coupling (Torus)

A.

moow

HI.

A.

Dow

F.

Iv.

Fluid Coupling Theory

1. Two fans facing each other

2. Oil coupling driving and driven torus (straight
vanes in both torus units)

Engine Flywheel to Torus Cover Drive

Torus Cover to Driving Torus

Driven Torus and Input Shaft

Acts as Clutch

Torque Converter

Torque Converter Theory

1. Two fans facing each other ,

2. Stator redirecting oil at different angle to turbine

3. Torque multiplied

Engine Flywheel to Torque Converter Cover

Pump (Impeller) to Stator to Turbine

Turbine to Stator, Where Oil Is Returned to Pump

1. Turbine driving input shaft .

2. Spiral vanes on turbine

Three Jobs of Stator
. As stationary member for oil to push against

2 Redirects oil to pump ‘

3. Overruns (like a bicycle coaster brake) when car
reaches cruising speed -

Torque Conversion Ended. at Cruising Speed, with

Coupling Takmg Place

Pfanetary Geas
(Review Section 12 of this outline.)

V. Automatic Transmission Operation

126

mP"OW?

Oil Pump (to Supply Pressure)

Pressure Regulator Maintaining Constant Pressure

Shift Valve Directing Oil to BandServo or Clutch-

Piston Action

Manual Valve Turning Oil Pressure On or Off

Governor .

1. Operated by centrifugal force to make shifts occur
automatically :

2. Attached to transmission output shaft and thus
sensitive to car speed

117
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-F. Throttle Valve : . 1. Construction

. Operated by accelerator pedal position. to time _ a. Propellershaft enclosed
shifts +b. Universal joints
2. Wyrks in opposition to governor pressure and thus ; ~ - (1) Type-used -
sensitive to engine speed AR o (2).Number
VI. Automatjc Transmission Maintenance Sy e c. U{ll\(ersal ball joint
A. Checking Oil Level N d. Slip joints
B. Changing Oil . . S e. Support members
o S 2. Rear-end torque absorptlon
Section 14: Drive Lines C ’ 3. Push delivered to front section of chassis ¢
I. Purpose of Drive-Line Assembly . B. HO&hle,S_D,[‘lVCW .
J 1. Construction :
A. Transfers Power from Transmnssnon to leferentlal
a. Propeller shaft exposed
¢1. Change in aggle : = . =N
. L S b. Universal joints
. 2. Change in length - , q ' (1) Type used
| ¢
B. Absorbs Rear End Torque | /,,"{j (2) Number
II. .Components of Drive Line . « Y c. Slip joints -
A. Universal Joints ' ' e d. Support members
B. Slip Joints. ' - 2. Reat-end torque absorption e e
C/ Propelier Sh_aft ' 3. Push élivered to rear section of chassis ,
. Torque Tube .C. Curved Flexible Shaft
. Universal Ball Joint o 1. Construction
F. Supporting Members ’ ' a. - Three-inch bow

b. Ball-bearing pillow blocks

II1. Universal Joints’ L
¢. No slip joints

A. Purpose : -
B Types d. No universal joints ‘

. Cross and Yoke - 2, Rear-enq torque ab‘sorptlo‘n ‘

a. Yoke 3. Push delivered to rear section of chassis

b. Spider .

c. Trunnions Lo Section 15: Rear Axles and Differentials ‘

d. Needle bearings

2. Ball and trunnion I. Purpose of Differential

A. Transmits Rotary Power Through Right Ang]e

; girlc])p eller shaft B. Allows Different Rear-Axle Speed
c.. Body : 1. Prevents sklddl'ng in turns
- d. Ball . . 2. Improves steering control
e. Needle bearings - II. Types of Differentials
f. Centering button ‘ ‘ A. Conventional
. g. Grease cover - B. Nonslip (Limited Slip)
3. Constant velocity - ' . C. Transaxle
a. Reasons f‘"" . III. Differential Components (Major)
- b. Construction ' A. Differential-Side Gears
(1) Body B. Differential-Pinion Gears
(2) Balls C. Differential-Pinion Shaft
C. Operation D. Differential Case
1. Cross and yoke E. Ring Gear
2. Ball and Trunnion . F. Drive Pinion
3. Constant velocity G. Drive-Pinion Carrier and Caps
a. Bendix : H. Differential-Bearing Adjusters
b. Double cross and yoke I. Differential Bearing (Cone and Rollers)
IV. Slip Joints & J. Axles (Axle Drive Shafts)
A. Purpose ) IV. Differential Power Flow —
B. Types D A. Drive Pinion Driven by Propeller Shaft
1. Splines «7 " B. Drive Pinion Meshed with Ring Gear .
2. Built-in (ball and trunnion) _ C. Ring Gear Bolted to Differential Case, Causing Case
V. Types of Drive - . b\ to Turn (Rotate)
A. Torque-Tube Drive I . D. Differential-Pinion Shaft Mounted in Case -
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E. Differential-Pinion Gears Mounted on Shaft . IX. Differential Trouble Diagnosis . +
F. Differential-Pinion Gears Meshed with Side Gears" A. Noises Mistaken for Gear-Axle Noises
G. Differential-Side Gears Splined to Axles ‘ 1. Road noise ..-
N ‘ ‘ ) : 2. Tire noise ) e )
V. Differential Gear Action e . 3. Front-wheel bearing noises ‘
A. Straight Ahead ) 4. Enging and transmission noises » oy
. 1. Differential-pinion gears not rotatmg B. Rear-Axle Bearing ,
'72.-Equal pressure exerted on side gears ~ * 1.” Wheel bearing
3. Both,wheels turning at same speedL / 2. Side gear and pinion
B. Turning . 3. Pinion bearing
‘1. Two pihion gears rotating o shaft 4. Ring and pinion noise
""" 2. 'Moré turning movement exerted to outer side'gear "~ """ 3" 'Drive o
with same amount of torque .~ . b. Coast i
3. Outside wheel turning more rapidly ¢. Float L S

VL. Nonslip Differential : ] s d. Drive,f:oast, apd float ' i

A. Similar in Construction to Conventlonal Type ) Nopsllp dlfﬁzrentlal chatter
B. Incorporates Two Sets of Clutch Plates (or Cones) '
"~ Between Side Gears and Casg ,
C. i\{‘lczr; Power Instead of Less Applied to Drive Wheel . I. Purpose
drd to Tum . A. Support Weight of Front End of Car

VII. Differential Gearing S B. Permit Steering of Car: Provide Safer Steenng Control
A. Manner of Gear Reduction C. Absorb Shock Through Springs
B. Variance of Ratios According to Make and Appll- D. Provide Ride Contral

_Section 16: Suspension Systems,

cation II. Types of Front Suspensiogf\
, 1. Passenger cars (3.36:1 to 5:1) A. Rigid Axle n) -
2. Heavy- duty appllcatlons (9:1 by double reduc- - B. Independent Front SuspenSIO
tion) Axl
‘C. Calculation of Gear Ratio" L. Rigid AXe
D T (G ¢ %  A. Applications
' - 1Yypes ol Lsears ' . , 1. Heavy-duty trucks and buses
., Spur (obsolete) . .
2. Industrial vehicles
2 Spiral bevel (nearly obsolete) : AN
M tooth cont 3¢ Early model autos
a. More geastooth contact . ( onstruction
b. Even wear - _
- Quieter ¢ ti i I -Beam
¢.-Wuieter operation : " 2.\Steering knuckle
3. Hypoid R
o . 3. Kingpin
a. Similar to spiral bevel .
b. Drive binion I d 4. Leafspring Ny
) wr fve plnltqn owered C. Charactenstlcs
((:i. Nlp";‘g ac IPIIII bri ' . Both front wheels affected by ‘any surface change
- Needs special lubncant o, : 2 Gyroscopic effect of tilted wheels
E. Nomenciature of Gears .
1. Toe 1V. Independent Front Suspension

2. Heel ) . A. Construction

3. Flank - ‘ Upper control arm

4. Face . . Lower control arm

5. Pitch line . Steering-knuckle support

F. .Gear Measurements Steering knuckle

NomAwe -

1. Clearance Spring
2 %Backlash B Stabilizer shaft or sway bar
J ' . Shock absorber.
VIII. Rear Axles B. Operatmg Characteristics :
A. Purpose = 1. Wheels completely mdependent of each other
B. Types e T 2. Better ride control
I. Dead : : 3. Smoother ride
2. Live C. Variations in Design of Independent Front Suspen-
a. Semifloating , sion '
b. Three-quarter floating - 1. Coil spring
¢. Fuli-floating" 2. Transverse leaf spring

1
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3. Torsion-bar spring

4. Ball-joint front suspension
a. Replaces steering knuckle and support
b. Uses spherical joints
¢. Uses fewer moving parts

V. Springs

A,

-y

Purpose
erating Characteristics
1. Rate
2. Frequency
Types -
1. Leaf
2. Coil .. o
3. Torsionbar *°

. Torsion-Bar Spring

1. Operation -
a. Twisting action
b. Free of friction
c. Provision for adjustment
d. Lightweight
2. Constructl‘pn
_a. ‘Spring-steel round shaft
“b. Linkage
c. Adjustable anchor

. Air Suspension

1. Operation
2. Construction :
a. Air-bag or air-spring assembly
b.. Air compressor
. ¢. Leveling valves

VI. Shock Absorbers
A. -Purpose -
1. Dampen spring oscillations
2. Keep wheels on payement
3. Provide better control
4. Provide smooth ride
B. Types ..
1. Hydraulic
a. Direct-acting
b. Opposed-cylinder
c. Parallelcylinder
. d. Rotating-vane
2. Friction .
C. Theory of Operation
1. Hydraulic principles

4. Air suspension . 3 / 2. Forcing hqund through orifice
. Leaf Spring D. Testing
1. Comrqqn types VII. Front-End Geometry
a. Serielliptic A. Definition - .
b. Quarter elliptic * B. Purpose ’
2. Installation - 1. Provide steering ease .
ﬁa Trans'vers‘e 2. Provide steering stability
b. Longntpdmal 3. Provide maximum tire life
3. Construction " 4. Provide ride quality
a. One or more leaves C. Classifications" ‘
b. Master leaf . 1. Camber
c. Spring seat .a. Positive
d. Center bolt b. Negative -
e. U-bolt ‘ 2. Kingpin inclination -
f. Rebound clips 3. Caster
g. Spri.ng eye . a. Positive, -
h. Spring hanger b. Negative
i. Spring shackle 4 T.oe-in
J Byshmgs 5. Include angles
Coil Spnng_ o 6. Toe-out on tums.
1. Operating characteristics Co D. Methods of Adjustment
a. Free of friction '
b. Requires efficient shock absorber o
5 Installation ‘ Section 17: Steering$ystems
.. a...Requires Jinkage to support,vehicle thrust. . _ ... ... 1. Purpose of Steering System
b. Used primarily in front suspension A. Guide Car

B. Provide Easy Steering

II. Early Steering Systems
A. Tiller
B. Fifth-Wheel Steering

MIl. Ackerman Steering System
A. Front Wheels Supported on Pivofs

B. Front Wheels Linked to Steering Wheel by Gears and

Leveis

IV. Classification of Steenng Systems
anual
Power
1. Integral or hydraulic
2. Linkage or mgchanical

V. Manual Steering Gears *
A. Recirculating Ball and Nut

...............................
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B. Worm and Roller . . . / lll "i"ypes of Tires R .
C. Camand Lever o w - Solid U \eox
VI. Steering Linkage o R B. 'Il,fle;l?;?lc
A. Steering Wheel 2. Tubeless & .-
B. Steering Shaft - 3. Puncture-sealing =~ %
C. Steering Gear ’ _ C. Materials o A
g ll'*‘)lrt;;aa:kngr Steeri Co ecting Rod ; T . Natural rubber @ e ?
i ing Connecting Ro
F" Tie Rod(s) 8 g | o 2 Synthetic rubber
G. Relay Rod ' * IV. Tire Sizes o
H. Steering Arms ' . , A. Rim Size
1. Steering Knuckles : . B. “Thickness at Sidewalls
1. Knuckle support 1. Inflated _
2. Kingpin ’ ' 2. No load
';< }Szplil,(‘l?;ms 4 ' . + V. Inner Tubes
L. Wheel Bearings ‘ : : ' A. Materials
. : 1. Rubber.
VII. Power-Steering Operation . : 2. Synthetic
A. Hydraulic o B. Air Valve
. 1. Power-steering pumps - r" . 1. Stem
a. Construction - L ] 2. Core
b. Operation . .3. Cap -
c. Location W C. Special Tubes
2. Power-operating mechanism : 1. Puncture-sealing
a. Valve operation ' 2. Safety tube : ) : .
L b. Power cylinders ) i V1. Tire Inflation :
B. l;dec(::h::;::r::: ti ' % " A: Proper Inflation
. iction . : B. Low Pressure
2. Operation . 1. Hard st
3 Location - Hard steering
. 2. Front-wheel shunmy
) / 3. Steering kickback
Section 18: Tires and Tubes - ’ 4. Side of tread worn
. A 3. Excessive flexing
I. Purpose of Tires : . . : a. Heat
A. Provides Cushion ) b. Ply separation
1. Absorbsshock " 6. Rim bruises
2. Tire flexes i C. Excessive Pressure
<<k« B. - ProvidesFrictional-Contact: « . .« <« oo s \> ««\ Center of tread WO e cimi o e e
1. Minimizes skidding on turns g “Hard ride ( ’ e
2. Provides for quick stops Fabric rupt?@ P
P T D. Uneven Pressu (Pulls to Slde) ’
I1. Cating Construction
A. Plies (Variable Number) "VIL. Tire Rotation
B. Bead . A. Purpose
C. Sidewall : , B. Procedure
é g,lﬁil; * VIII. Causes of Tire Wear L
3. Colored - A. Excessive Speed "
~ D. Curb Bead : B. Improper Inflation .
" E. Shqulder C. Improper Front-Wheel Alignment «
F. Tread 1. Excessive camber
1. Design . 2. Excessive toe-in or toe-out
2 Purpose D. Improperly Adjusted Brakes
2) Prdide traction _E. Unbalanced Whéels
F. Incorrect Steermg -Linkage Ad]ustment

b. Reduce surface area
& Cool tire . IX.. Recappmg and Regr_oovmg Tires
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Sectnon 19: Wheel Balance -

I Purpose of Wheel Balance - - - e

A. Provide Ease pf Steering
B. Provnde/Comfortable Ride -
C. Provide Maxunum Tire Mileage

II. Problems of Balanicing Wheel
- A. Centrifugal Force -
B. Making Wheel Rufh True (M
C. Flexing of Tire on Wheel -
D. Wheel Tramp (Bo‘qnce and Wobble

III. Types of Wheel lmbalance (Out of Balance)
A. Statlc .
. Lies in plane of Wheel rotation ‘
2 Causes front and rear wheels to bounce
B. Dynamnc .
7 1..Li€§ in zone on either or both sides of plane of
rotation
2. Causes front wheels to wobble as well as bounce

* IV. Types of Balance
“A. Statlc '
. Balanced wheel assembly, when on spindle,
rermains in fixed position regardless of how placed
on the spindle - .
2. Weight added or subtracted for equal distribution
of wheel weight around lts axis of rotation
B. Dynamic
1. Wheel rotation true, wnthout wobble or shake
2. Distribution of correctlve weights on both sides of
wheel ‘

V. Tire Balance Marks
. A: Symbols Used for Marking Tires

<

B. 'Markings to Line Up with Valve Stem Hele in Rim ¢

. C. Less Accurately Balanced Assembly Marked by Red
. Dot "

VI. Types of Wheel Run-Out
A. Lateral
1. Wheel alternately moves,m and out from center of
waimae .. yehicle while-rotating on its spindle < - «
. Causes dynamic 1mbalance (out of balance)
Checked by pointer near side wall
Run-out not to exceed % inch
. Corrected by remounting tire on wheel or straight-
. ening wheel
B. Eccentric or Radial
I. Amount of spindle deviation from its center
during whegl rotation
2. Causes static and dynamic imbalance (out of

balance) .

e

3. Checked by poinger near tire tread
4. Corrected by shaving tread

Section 20: Automotive Brakes

I Friction’
A. Definition

1. Dry

2. Greasy

- 3, Viscous . o
. Factors Affecting Fnctlon P

1. Pressure applied or load®
2. Roughness of surface

3. Type of materials :
Types . .

i. Static friction (at reg%“
2. Kinetic friction (in motion)

. Cause: Surface Irregularities

Application
1. Brake shoe and brake drum friction
a. Slows wheel rotation \
b. Stops wheel rotation ] }

2. Tires to road surface friction
a. Sliding stop (kinetic) '

" b. Rolling stop (static)

3. Front brakes larger than rear

II. Hydraulics

A.
B.-

L

Definition
Physical Principles of quUIdS
1. Not compressible ‘
2. Transmit motion .
a. Act as solids under pressure el Gl
b. Action and reaction"
3. Transmit pressure
a. Pressure equal throughout system
b. Pressure equal in all directions
c. Output force equals pressure times area
.. System pressure equal to input force divided by

piston area- {
é —J

II. Hydraulic Brake Fluid "~

Moo »i

Chemically Inert (Must Not Affect Metal and Rubber
Parts)

Must Not Vaporize at High Temperature B
Must Remain Fluid at Low Temperature

Must Act as Lubricant =~

Must Mix Readify With Other Hydraulic Fluids

. . ~ - € g
KA T AT W VAT AT AT A WC CT T W A T VT A TR AT D N 9o o E N T S A VT W T N W T K W W M LW N «

IV. Types of Brakes

A,
B.

]

Mechanical w .
Hydraulic (Four- Wheel)
1. Shoe

2. Disk

3. Caliper or spot
Electric

Air

Vacuum

Y

V. Components of Brake System

A.
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1. Brake pedal
2. Brake-pedal linkage
3. Master cylinder , o
a. Body '
(1) Reservoir
(2) Cylinder

Master-Cylinder Assem;y
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:." Y
b. Piston ‘ ' B. Release .- :
_ (1) Primary cup A 1. Release brake pedal e
" (2) Secondary cup i ‘ 2. Master-cylinder piston returns .
c. Piston return spring : 3. Brake-shoe return spring activated
d. Head nut T ' - 4. Brake shoes pulled from drums .
e. Check-valve assembly ’ 5. Wheel cylindeg pistons forced inward
f. - Push rod ’ . 6. Liquid returning to master cylinder -
g. End boot " ! ' : a. Pressure dropping
4. Dual‘k@;‘r Cylinder - b. Check valveclosing
B. Wheel Bra echanism ,W . (1) Maintains some pressure in system
1. Wheel cylinder - o .7 (2).Keeps fluidin :
a. Cylinder body * (3) Keeps air out
_b. Pistons S . oo
(1) Piston cup- ‘ . VII. Accessories S ~
(2) Piston spring _ I A. Hand Brake ‘ I
¢c. Boots ) t. Drive shaft R
d. Activating spring 2. Rear wheel
e. Bleeder valve B. Power Brakes ":““ « -
2. Brake-shoe assembly . . Purpose i LT : -
a. Backing plate " 2 Basic principles of operatnon
b. Brake shoes . C. Self-Adjusting Mechamsm
(1) Friction material : 1. Purpose
~(2) Primary shoe oL 2' Method of operatian N
(3) Secondary shoe : Lo D. Hill Holder . : "_"
¢. Anchor pin 1. Purpose ‘ s
d. Hold-down spring 2.- Msthod of operation
e. Brake-shoe retumn spring * - E. Stoplight Switch ' .
f. Adjusting mechanism - - % g ; ge;ha"l'?ﬂllly operatt_e% ' . o
.C. Hydraulic Brake Lines N S ydraulically opergted =iz -
oL cial type S , i
2. Stee) pipe . N Section 21: Purchading Automotive Parts
3. Fittipgs : N . o '
4. Flekible hose - ' ) ' 7 1. Make of Automobile ,
a. [ Front.wheel connection - ' A. Model". .
b. r axde conicction B. Year ' o
. L ] S ’ T
VI. Hydrauhc Brake Op ratlon ) . ® Il. Engine Type t .
A Apphcatnon : e A. Number of Cylinders )
Brake pedal depressed B. Cylinder Arrangement ’
««««&Master«cyimder.plsmnwvmg ﬁo“’}h@««-««-w«««««u-C.--VaLveAuangement e < e e e ven e
a. Compensating port covered -~ D. Cubic-Inch Piston Dlsplacement
b. Hydrau[nc ﬂunq trapped in system : E. Horsepower Rating . - * . S
(1) Fluid moving in system PR . : A
(2) Fluid under pressure o {11.. Exact Part fo Be Purchased T e
3 Wheel cylinder pistons moved outward & A. Location
a. Activating pin moved outward ] B. Casting Number (if. avallable)
b. Brake shoes forced against drums = " . . C. Part Number (if available) __
¢. Frictional contact o ++ D. Design . -
= (1) Heat o 1. Type JE ’ L _ -
_ " (2) Dragging effect R 2. Size ~ - ot . o
+* d. Slows wheel rotation ' ’&/} . 3. Description | g : T
. -
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_Battery

Elec:folh

Amperage

Grid

Hydrometer

Lead-acid cel!
Negatrve plate
Overchargrng
Positive plate

Primary cell

. Secondary cell

Separator

. " Specific gravity

Sulfation

Sulphuric acid
and water

Voltage

" \

. " " APPENDIX C
- BATTERY TERN“NOL_OGY

The rate of flow of electric current (movement of electrons)rin)clo:ed circuit measured in amperes
: i)

A unit (two or more cells conrtected together) that consumes chemrcal energy to produce electric energy
when needed

A solutron of salts, bases, or acids in water in which the negative and positive plates are immersed
A framework-made of an alloy of lead and antrmony that holds an active material

An instrument used to measure the specific gravity of a liquid ’ ol
) .

‘A secondary cell that can be recharged . L

A grid filled with sponge lead (Pb)

-

Passrng a direct current through a battery that has already been charged to maxrmum

A grid filled with lead peroxide (Pb02 )
A cell that cannot be recharged

A cell that can lie_%tcharged , '
o * °

.An insulating matérial made of wood, gla'ss,\or rubber'that se?ara'tes the positive and negative plates

"The weight of any volume of a liquid divided by the weight ¢ ofan equal volume of water or the ratio of the

densrty of a substance to the density of a standard

A process in which lead sulfate” coats the plates of a lead acrd battery that has been allowed to remarn
partially charged

-

The electrolyte of a lead-acid battery -

Electric pressure;, electromotrve force (emf) that causes current flow (movement of electrons) when the
external circuit is closed .. S & »
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APPENDIX D

'ASSIGNMENT SHEETS

ST S Unit 17: Four-Cycle Engines
Explain briefly what takes place during the following strokes:

Intake:

{0
2
)
Compression:
¢
Power:
A Y
¢
I b Tt T I S S Vg P .
I !
- » '...
T .
-

4

" Exhaust:___-

v

,I!i<

a%
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: | * Unit 22 Storage Battery ¢ _
1. What'is the purpose of a storage battery?' : — -
. . . . " N
2. What is the major difference between a stofage battery*and a cell?
A _; . _ —
3. What is meant by the capacity of a battery? -
4. What determmes the capacity of a battery? -
L3

5. What are the chemrcal,s used in'a conventional ;\Pt)mobrle battery?

. Whit is the &mposition of a plate grid?

A. B : __ B. : . C.

—6—
What is a plate grid?

v N 7
.

=

!‘7 ’
8. ‘What iS meagt by the ovércharge of a battery? ‘ :
> N {(;‘ :'} “v; 17
9. What is a plate group? : - ﬁ&
10. The two types of plates used‘in a lead-acid cellg.ére: //
A. : : R—
11. How are the plates held apart? : S
12. What would happen if the plates touched? — o '
13. Why are the separators made of wood, glass, or rubber?
14. What is the electrolyte of a storage battery"
15. Descrrbe first aid procedures when an electrolyte is spllled on a person: _
. , oA Ll
R ‘.
. . . . . SR '
=+ 16. Explain what happens when the electrolyte is added to a dry-charged storage battery: _ _—
7 : Ay
17. What is the maxrmum voltage of a storage battery cell? :

ra

.

‘ v
- 18. What will: roccur when the two terminals of a battery' are connected through an external circuit?
\l

. From whrch drrectr_on does internal .current flow in a battery? : >

20. Describe what occurs when a continuous supply of curfent has been used from a battery:

o [ .
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A ~

21. Describe the chemical activity involved in recharging a battery:

s )

“

22. How many gells are there in a 6-volt battery?_-__ % Ina 12-volt battery?._

How are the cells connected?

23. What two things determine the battery rating? -

A. i § __ B.
24. Of what material is the automobile battery case made? N X
2_5"& What type of water should be added to a battery if the electrolyte becomes low? i
o | - ,
26. How is the specific gravity of the electrolyte in a battery determined? - > T
. N . N
. "27.- What is meant by a dry-charge battery? _ ; »
. - . * . Fg ?
) E i
g
’ ‘.\\
X4 ) L )
‘
. . ' /
A
¢ .
. - )
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Unit ‘23:'Magneto and Generator

1. What is a permanent magnet?

2. How is a magnet identified?

* 3. What makes up the external magnetic field between the two poles of a magnet?

-

4, In what direction do magnetic lines of force move? ____ : J
5. What are two characteristics of lines of force? o
A.
B. _
6. What will héppe;l when unlike poles of a magnet are brought together? .

7. What is magnetic repulsion?

8. What is formed around a wire when current is flowing through it?

9. How can the magnetic lines of force around a wire be demonstrated?

.~ 10. State the left-hagd‘}ule:

11. What is an electromagnet? '

" 12. Explain briefly’ what happens to the magnetic. lines b’t: ’Ro’rce around two parallél wires that have electric current flowing -

through them: ‘ i ~ —

\

13. What is the purpose of a magneto? 4

\ . -

- .

14. Howisa magneto driven?

15. What is the purpose of a generator? i .

—

'16. How is a generator driven?

137
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17. Describe a simple magneto:

-18. What is the meaning of a “load” in a generator circuit?
’

1
19. Explain the major difference between a simple direct-current generator and an alternator:

20. How is current generated in the windings of an armature?

21. What is the source of the current that flows through the field windings?

~

22. What effect does the current flow have on the field of an electromagnet?

23. What kind of current is produced in the armature of a direct-current generator?

>

24. How is the generator made to produce more current when its load is increased?

K,

25. The three basic parts of a generator are:

A

26. What are slip rings?

27. Whatisa commutator?a!

+

28. What is the function of brushes in a generator?

29. Where are the generator brushes located?

30. Why must the output of the generator be controlled?

31. What two devices must be used in controlling the output of the generator?

A, B.

138
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Unit 23: Rectification and Regulation

¢

1. What is rectification of current?

2. Describe a silicon diode rectifier:

-

3. What is half-wave rectification?

4. What is full-wave rectification? .

5. Describe pulsating current:

6. What is another name for a cutout relay?

7. What device made it possible to adapt alternators for use in automobiles?

8. Where is the cutout relay located in the electrical system?:

"9, What are two functions of the cutout relay?

A.

B.

10. Describe a cutout relay:

13

g~

°11. When the direct-current generator is in operation, what allows current to flow to the storage battery?

o .

12. When the alternator is not operating, what prevents current from flowing from the battery through the generator?

i

3

13. “What -causes the contact psints of the regulators to close?
& ‘ S

-s

V-

0 a

14. What causes the contact points of the regulators to open?

R 4

15. Give two results that wxll cause damage if the gene¥ator output is not regulated:

A.

B.

16. What is the purpose of the voltage regulator?

s
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17.

s
19.
20.
2.1 .

22.

23.
24,
25.
26.

27.

“As the battery approaches a charged condition, what happens to the voltage applied to the field coils?

131

Does the generator always charge the battery at the same rate?

Explain:

To which generator circuit is the voltage regulator connected?

&

<
What is the effect on the magnetic field around the armature as the voltage applied to the field coil changes?

«

What happens when a predetermined voltage is reached at the output terminals of a generator circuit?

Describe what happens in the voltage regulator when the output voltage of the generator drops below a predetermined

voltage:

g
[

Why is a voltage regulator referred to as a vibrating voltage regulator?

Are current regulators similar to voltage regulators? What is the basic difference?

Why is a current regulator described as a vibrating current regulator?

Where are the diodes installed in an automobile alternator?

Is a cutout relay needed in a transistorized regulator system?

I
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10.
11
12
13.
14.
15.
16.
17.
18.
19.

20.

21,

. What is the nucleus of an atom?

. When these free electrons move from one_place to another, it is called

. What terminals are found on an automobile battery or alternator?

. How is the negative (-) terminal determined?

. Why is copper wire a good conductor?

Unit 24: Electricity/Electronics

L

A proton in the nucleus of an atom has a

charge.

. When free electrons collect in one place, a is formed.

charge, and the electron outside the nucleus has a

»

What two devices in the automotive electric system provide emf?

A. ‘B

What substances allow electrons to move freely?

Positive (+) terminal?

Why is rubber a good insulator?

What normally covers a conductor? _

Define voltage:

If the voltage is increased, what will be the results on the electron movement?

How is voltage measured?

What is amperage?

How is amperage measured?

What is meant by resistance?

Why is there more resistance in a small wire than in a large wire?

Why is the resistance less in a short wire than in a long wirel,

How is resistance measured?

State Ohm’s law (in words):
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23.

2.
25.
26.
27.

28.
29.

‘What is the advantage of a parallel circuit when a number of units are involved?

133

What is the basic formula for Ohm’s law?

In the formula, what instruments are used to measure each of the following?

-

R .

E= SN R=: .

Using Ohm’s law, how much voltage is required to force 8 amperes of current through a resistance of 4 ohms?

N
Describe a series circuit:

Describe a parallel circuit:

0

How are switches wired into a circuit?

What happens to the voltage as it travels through a circuit?

-
. Q . - - [
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